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ABSTRACT 
Contrast sensitivity testing has been recommended as a natural 
addition to current optometric acuity and field measurements. Unfor-
tunately there have been no clinical studies comparLng the available 
instrumentation. This study compared the Arden plates versus the 
Nicolet CS2000. The instruments were evaluated in terms of their dis-
criminatory capability to detect a selective frequency or notch con-
trast threshold elevation . The hypothesis is that the two instruments 
would produce contrasting CSF curves that reflect the different purposes 
of their designs. It was found that the Nicolet CS2000 discriminated a 
focal visual disruption more clearly than the Arden plates, which 
tended to detect all disturbances as generalized elevations of threshold 
values. The lack of standard psychophysical and psychometric procedures 
to produce normative data is a serious limitation of current CSF test-
Lng. In addition the overlap of normal and abnormal values reduces the 
usefulness of current contrast sensitivity instrumentation to contribute 
to differential diagnosis of visual loss. 
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INTRODUCTION 
Recognizing the limitations of Snellen acuity measurements, opto-
. . . 1,2,3 1 . . . 
metr1c 1nvest1gators have recent y been encourag1ng pract1t1oners 
to consider the contrast sensitivity function (CSF) as a more adequate 
measure of visual function. Contrast sensitivity techniques are 
designed to expand visual evaluations from acuity measurement to a more 
extensive appraisal of information processing abilities. By recording 
an empirical curve that summar17.es the contrast required to delineate 
the light from the dark bars of a vertical grating, practitioners may 
judge the ability of patients to detect objects of varying size under 
d 'ff d' . . 4 •5 b 1' . ' 1 erent contrast con 1t1ons. Invest1gators e 1eve a pat1ent s 
sensitivity in resolving simple test gratings, determines the indivi-
dual's capability to process more complex patterns. Timpone and 
Sherman3 point out that patients often lose their ability to discern 
large objects ·under poor contrast before they lose their ability to 
discern high contrast, detailed objects. Although there has been 
enthusiasm for the concept of CSF recordings there has been no published 
report comparing the detection capabilities of commercially available 
instruments. This study was undertaken to make such a compar1son, 
evaluating the capabilities of two instruments: the Arden plates and 
Nicolet Optronics CS2000. 
-1-
2 
SIGNIFICANCE OF 1~1S STimY 
Although CSF testing has been extensively investigated in Great 
Britain, its clinical acceptance in America has been very limited. 
Still the developers of the respective instruments have envisioned 
contrast sensitivity evaluations as a natural addition to current opto-
metric procedures. Arden* highly recommends CSF testing to fill "the gap 
. h . . 116 ~n t e optometrlc armamentar~um. Similarly Mulvanny** 7 considers such 
testing to be an essential complement of current acuity and field measure-
ment techniques. 
Of clinical interest lS the discriminatory capability of CSF 
recordings to reveal subtle visual losses that may occur without any 
subjective symptom or Snellen acuity disturbance. The significance 
of this study lies 1n a clinical demonstration of a graphical difference 
1n the accuracy of visual loss detection between the two instruments. 
Such a demonstration would acquaint the practitioner with a new tool to 
assess subclinical visual disturbances and to monitor post treatment 
recovery. 
* Arden Plate Developer 
** Nicolet Optronics CS2000 Developer 
3 
STATEHENT OF THE PROBLEH 
The purpose of this study is to compare the discriminatory cap-
ability of two different CSF recordings to reveal a subtle, subcl inical 
visual depression. Such depressions may occur 1n patients without 
symp toms or any disturbance i n Snellen acuity. Etiologies include 
. 8 . l l" 9 l 10 re t 1na_ and neu rolog1ca anoma 1es as wel as normal aging changes 
11 
and glaucoma. The problem is how does one compare the res pective 
results of the instruments when bo th are engaged in detection of a 
similar visual depression? 
12 Wolkstein et al . concluded that an exact comparison of different 
CSF curves was impossible. Contrasting test methodologies, combined 
with a complete lac k of standardiza tion has produced numerous clinical 
trials tha t can not be directly compared. In this regard CSF curves 
h b d b 1 . f f . 13 . 1 14 ave een measure y aser 1nter erence· r1nges, C.R. T. d1sp ays, 
. . h . 15 '11 16 . 17 proJect1on tee n1ques, osc1 oscopes, and pr1nted plates. There 
has been no uniformity in terms of viewing distance, luminance, pre-
sentation time or stimulus size. Although both instruments in this 
study are intended to reveal subclinical visual losses, again there 
1s no uniformity in the above experimental conditions. 
The intent of this study was to evaluate the CSF results when both 
instruments are used in accordance with their respective manuals and 
presented with a common stimulus. The instruments were evaluated 
quantitatively only in terms of their individual pre and post stimulus 
values. They were compared qualitatively (graphically) in terms of 
their respective CSF recordings. 
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DEFINITIONS 
Arden6 finds audiometric evaluations to be a useful analogy to 
understand contrast sensitivity testing . As hearing can be evaluated 
by testing individual thresholds for frequency and amplitude, so one 
can evaluate vision in a similar manner. Thus just as sound stimuli 
are analyzed, so any visual pattern can be broken down into a ser~es 
of simpler spatial components (Fourier Analysis). The spatial analogy 
of a pure musical tone is a grating of alternate white and black 
coloring. By manipulating the contrast (i.e. degree of blackness to 
whiteness) and the bar widths (cycles), one can produce a sinusoidal 
. 1 f'l ( . 1) 1 d' 1 •6 ·9 spat~a pro ~ e F~gure ana ogous to an au ~ogram. 
There ~s now neurophysiological and psychophysical 5 evidence that 
the visual system ~s organized to detect the grating component of 
visual scenes. For testing purposes it is appropriate to reverse the 
process and use gratings to evaluate the resolution capability of the 
visual system. 
If the alternation of one black and one stripe ~s recorded as one 
cycle, then the finer the gratings bars (more stripes per unit angle), 
the higher the spatial frequency i.e. cycles per degree of visual angle 
(c/deg). Since contrast can be modified at each spatial frequency 
the amount of contrast needed to barely detect a grating pattern can 
be recorded as the threshold value . Although contrast sensitivity ~s 
the reciprocal of the threshold, the latter term will be utilized 
through this study due to its ease in mathematical calculation. Thus 
contrast sensitivity depressions will be demonstrated as threshold 
elevations. Figure 1 demonstrates the appearance of different grating 
widths. The following pages define key terms and the relationship 
between Snellen acuity and contrast sensitivity. 
1\JVVL/V 
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Fig. 1. Grating Examples with Sinusoidal Profiles. 
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Adaptation: continuous viewing of a vertical grating until the contrast 
sensitivity is significantly elevated (defined as used in 
this study only). 
Arden plates: a series of 6 plastic printed gratings subtending spa-
tial frequencies from 0.2 c/deg to 6.4 c/deg in one octave 
steps at a 57 em viewing distance . The test is designed to 
measure contrast thresholds by recording Arden scores (1-20). 
Contrast: the degree of blackness to whiteness between a grating's 
maximum (light bar) and minimum (dark bar) luminances divided 
by the sum of both luminances. Thus: 
Lmax - Lmin Contrast = ~~~--~~~ 
Lmax + Lmin 
Maximum contrast is l; minimum is 0 - a homogeneous gray field. 
Contrast Sensitivity : discriminatory ability of a subject to barely 
distinguish the light from the dark bars of a grating. 
Contrast Sensitivity Function (CSF): a single curve plot of the con-
trast required to barely distinguish a series of different 
size gratings (i.e. different spatial frequencies) under 
varying contrast levels. The curve shows the relationship 
between contrast and spatial frequency. 
Contrast Sensitivity Threshold: the reciprocal of the contrast sensi-
tivity. The level of contrast where an individual just 
barely detects the difference in luminance between the light 
and dark bars of a grating. 
Cycle: the width of one light and one dark bar ~n a grating. 
Syn: period . 
Fourier Analx sis: resolution of a complex periodic wave form into a 
series of simple components. 
Grating: a repeating pattern of alternating light and dark bars. A 
spatially periodic pattern. 
Luminance: photometric term that indicates the amount of light per 
unit area emitted or reflected from a surface. 
Nic Optronics CS2000: a microprocessor generated contrast sensitivity 
display that records contrast threshold values for displayed 
gratings after a subject indicates their presence via a 
response button. 
Notch Loss: a focal or selective contrast sens1t1vity depression at a 
specific frequency interval in the CSF believed to be common 
in neurological anomalies e.g . multiple sclerosis. (See 
Figure 2.) 
Sinusoidal Sp atial Profile: a repeated sequence of light and dark bars 
where the luminance var1es 1n a s1ne wave pattern about a 
mean over distance. (Figure 1) 
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Fig. 2. A Model CSF Curve and Its Relationship to Visual Acuity. 
Broken line: a notch,loss of 
contrast sensitivity. 
Spatial Channels: the theoretical concept that there are selective 
sectors (i.e. groups of receptor fields) in the visual 
system which can independently process visual information. 
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Spatial Frequency: the number of pairs of dark and light grating bars 
(i.e. cycles) per degree of visual angle. Also defined as 
the angular subtense at an observer's eye of one complete 
cycle. Units: cycles per degree (c/deg). Also the reci-
procal of a unit. 
Square Wave Grating: a repeated sequence of light and dark bars where 
the luminance varies in a square wave pattern. 
Visual Angle: the angle subtended by the borders of an object at the 
entrance pupil of the eye. 
Sinusoidal 
Profile 
t= iqlllll 3 
I tdatiomll ip of!\ StWIII~Il 
Letter to SJJulial Frequency Values 
Horizontal 
Grating 
Snellen 
Letter 
... -~­
---- ....--~ .. -..... 
.. -----
__ liliillll ___ l 
. ------
---
One Complete Cycle 
SJJ<Jtial Frequency = rec iprocal of the angu lar subtense of one complete cycle at the observer's eye. 
' 
' 
Thus: 
Snellen Angular Subtense Angular Subtense Spatial Frequency 
Acuity of 1 Complete Cycle (deg. of arc) Value 
(min. of arc) 
20/20 2'/cycle 1/30 deg./cycle 30 c/deg . 
20/40 4'/cycle 1/15 deg./cycle 15 c/deg. 
20/200 20' /cycle 1/3 deg./cycle 3 c/deg . 
20/2000 200'/cycle 3/10 deg./cycle 3 c/deg. 
REVIEW OF THE LITERATURE 
Channel Theory and Adaptation 
16 Campbell and Robeson postulated that the human visual system 
7 
behaves as a series of independent detector channels, each tuned to a 
different spatial frequency. These channels could be broken down into 
separate low, middle, and high frequency detector mechanisms. In this 
paradigm, each channel would be selectively responsive to different 
grating stimuli. The number of channels and limits to their independence 
would be related to the area of the retina in which spatial integration 
could occur. Ginsburg4 believes there 1s a large continuum of channels 
in the visual system, but each channel appears to detect spatial fre-
quencies independently when they are separated by about one octave. 
Adaptation has been utilized as an investigative tool to delineate 
channel band widths. 
'1. 18 . . h d d. ff G1 1nsky 1ntroduced the 1dea t at prolonge exposure to 1 er-
ent patterns of an adapting grating would selectively elevate a 
viewer's visual discrimination threshold. In her experiments, horizon-
tal, vertical and oblique gratings were viewed for various time inter-
vals and then thresholds were recorded. In all cases, observers' 
thresholds were significantly raised for only the orientation of the 
adapting grating. For example, prolonged viewing of vertical gratings 
raised the threshold only for vertical gratings. This was cited as 
evidence for the presence of selective channel processing. Other 
investigators amplified these findings. 
19 Pantle and Sekuler reported that observation of specific fre-
quency gratings definitely reduces the visibility of the same frequency 
pattern when presented thereafter. They utilized this technique to 
isolate neural mechanisms by band widths of the independent frequencies. 
8 
:' () . 
Sdw Ler and llulman potnled oul Llwl difierential, selective 
detection of various grating frequencies indicates there must be 
differential losses of sensitivity to one size pattern without appa-
rent loss to an adjacent (higher or lower) frequency. Thus adaptation 
to a particular frequency grating, could simulate the pathological 
and/or aging processes that selectively elevate an observer's discri-
. . . 21 h 
m1natory threshold. Bod1s-Wollner and D1amond reported that t ese 
threshold elevations following adaptation are very similar to the 
selective frequency elevations recorded in patients following cerebral 
lesions. 
23 24 . Utilizing adaptation, Blakemore and Campbell ' publ1shed the 
first quantification of channel band widths. They reported that the 
contrast threshold rose five-fold following exposure to a contrast 
grating of the same frequency and same orientation. However this 
elevation was limited to a spectrum of frequencies one octave to either 
side of the adaptive frequency. 16 Campbell and Robeson concluded that 
functionally selective detector channels respond maximally at a parti-
cular spatial frequency but hardly at all at adjacent frequencies 
differing by a factor of two. Of importance was the determination of 
the post adaptation recovery time. 
23 Blakemore and Campbell found that the max1mum adaptive effect 
was reached within one minute of constant exposure while complete 
recovery was recorded within the same time period. Thus as long as 
exposure and recovery periods were limited to one minute, adaptation 
could be utilized to simulate a specific frequency or notch elevation 
of a subject's contrast sensitivity threshold. Normal threshold values 
would return after a one minute recovery period. 
9 
The Importance of Low and Mid Spatial Frequencies 
Arden6 has emphasized the value of CSF testing lies in its capabi-
lity of detecting subclinical visual losses outside the foveal area . 
k 1 1 24 'b . l 25 d h d '1 Se u er et a . and Le1 ow1tz et a . have note t at many a1 y 
perceptual activities do not require high spatial frequencies resolution. 
On the contrary mid and low spatial frequencies provide most of the 
information for routine perceptual activities, including face percep-
tion, figure-ground discrimination, and visual stabilization of 
25 posture. 
20 Sekuler and Hutman reported that older observers (mean age 73 
years) were three times less sensitive at low and intermediate spatial 
frequencies than younger observers (mean= 18.5 years). Their belief 
was that in normal aging, depression of CSF sensitivity for low spatial 
frequencies could explain the difficulties of the elderly under vary1ng 
contrast conditions. 
Differential Contrast Threshold Elevations 
Bodis-Wollner and Diamond 21 reported that cerebral lesions will 
selectively comprom1se contrast thresholds by producing dissimilar 
disruptions of the visual pathways. Multiple sclerosis patients 
have demonstrated selective contrast sensitivity deficits for a limited 
. 26 27 28 
number of spatial frequenc1es . ' Kupersmith et al. proposed that 
focal demyelinization of fibers in the anterior visual pathway may be 
h f h 1 . 1 d . k 29 h 'd t e cause o sue se ect1ve osses . Ro er1c proposes that t e m1 
and lower spatial frequenc i es are preferent~ally related to peripheral 
retinal function, with the foveal area being concerned only with the 
higher frequencies. Arden incorporated this concept into the development 
of his plates . 
10 
17 Arden maintains that the strength of the plates evolves from 
their emphasis on the low and mid spatial frequencies. Similar to 
Roderick, he proposes that the retinal periphery preferentially pro-
cesses the lower frequencies. Thus an adequate CSF test must measure 
a large retinal area and include a representive sample of mid and lower 
frequency gratings. To a point he states, the larger the retinal area 
stimulated, the greater the sensitivity. A rough rule suggests that 
sensitivity increases with the number of cycles exposed up to a value 
of s~x. Thus a 0.2 c/deg grating should subtend approximately 30 degrees 
of central retina to be an adequate measure of contrast sensitivity. 
Kelly30 proposed that cortical organizations are not entirely 
responsible for spatial frequency selectivity. Therefore non-random 
spatial packing of retinal receptive fields could be an important 
factor in contrast sensitivity thresholds. 26 Regan et al. postulated 
that mid and low spatial frequency losses could be explained by a loss 
of regularly packed retinal receptive fields. Thus there may be 
retinal damage in multiple sclerosis that affects these receptive 
fields. The implication is that retinal anomalies as well as neural 
anomalies could compromise contrast thresholds. 
Focal Versus Diffuse Threshold Elevations 
Although the concept of a focal disruption of the visual system 
21 26 27 producing a selective frequency loss 1s documented, ' ' the 
majority of reports note a diffuse loss of contrast sensitivity 
irrespective of the grating s1ze. Kupersmith et a1. 28 reported a 
generalized loss of contrast sensitivity for all Arden plate frequen-
c1es with compressive lesions of the chiasm and optic nerve. 
. d . 31 1 d 1 b SJostrand an Fr1sen cone ude that var1ous channe s may e 
11 
differentially affected in different retinal disorders. Hitching et 
l1 
al. found no cons is tent frequency loss pattern with glaucoma patients. 
32 Although Arden and Jacobson found CSF testing useful in glaucoma, 
33 Stamper found CSF of limited diagnostic value. These numerous clini-
cal trials all reflect the difficulty of comparing findings when 
investigators employ different methodologies, different categories 
of patients, and different instrumentation. The important point is 
that contrast threshold elevations (sensitivity losses) can be mani-
fested as a focal (selective frequency) or a diffuse (generalized) 
threshold elevation. 
12 
HYPOTHESIS 
It is postulated that if both instruments are employed to discri-
minate a focal visual disruption , the respective CSF curves will 
demonstrate the contrasting purposes of their designs . Thus the 
Arden plates' emphasis 1s on a sum score measurement of large retinal 
areas. The purpose is to determine if peripheral visual function has 
been generally compromised. Therefore the resulting CSF curve should 
reveal a generalized threshold elevation regardless of the focal 
quality of the contrast disruption . 
In contrast, the Nicolet CS2000 emphasis is on selective frequency 
threshold recordings of a small central retinal area. Therefore its 
CSF curve should more accurately discriminate a specific threshold 
elevation. 
Because of the divergent methodologies of the two instruments, 
the hypothesis will be tested by graphical representations of their 
pre and post disruption threshold values. 
As will be explained in detail later on, threshold elevations 
at a specific frequency were produced, in this study, by using the 
. ff f 1' 20,21,23 adaptat~on e ect re erred to ear ~er. 
13 
INSTRUMENTATION 
In this study the Arden plates are compared with the Nicolet 
Optronics CS2000 as regards discriminatory capability for detection 
of a threshold elevation at 3.2 c/deg. 
Arden Plates 
A ser1es of s1x printed, plastic gratings subtending spatial 
frequencies from 0.2 c/deg to 6.4 c/deg in one octave steps (Figures 
4 and 5) when viewed at 57 em. The plates measure 30.5 em x 28 em 
subtending a visual angle of approximately 26 x 28 degrees at the 
entrance pupil. Throughout this study the plates were viewed at 57 
em with the recommended 100 foot candles supplied by a 60 watt incan-
descent bulb, 14 inches above the plates (Figure 6). 
In terms of contrast, the density of each Arden grating 1ncreases 
logarithmically from the top to the bottom of the plate. The logarith-
mic increase is 0.088 log unit (1.22 units) per scale division. Since 
each plate has 20 segmented scale divisions (numbered at the edges), 
the range of contrasts changes approximately 25x or 1.76 log units 
from top to bottom. The ·contrast on successive plates is not equiva-
lent at each scale division so scores are not converted to log values. 
17 Arden maintains that this plate to plate alteration of contrast 
partially compensates for changes in contrast sensitivity with spatial 
frequency, while it prevents observers from utilizing information from 
one plate to the next. Woo and Prentice 2 point out that Arden Scores 
cannot be equated readily with the contrast sensitivity results found 
in the CSF. However the consistent logarithmic interval change (0.088 
log units per division) can be utilized to compare pre and post adapta-
tion threshold differences . 
Fig. 4. 4 Plate No. 2 (0.2 c/deg.) 
Example of Arden Plate Design . 
,, 
I 
Fig;- 5. Plate No. 3 (0.4 c/deg.) 
Example of Arden Plates 
Fig. 6. Arden Plates Testing Setup. 
Scoring 
The plates present an arbitrary 1 to 20 scor1ng system with 
threshold elevation maximum at 20. Individual scores are given for 
each of the six spatial frequencies and a sum .score of the six is 
compared against mean values. 
Nicolet Optronics CS2000 
The Nicolet Optronics CS2000 includes a display monitor (CRT); 
a m1croprocessor control console with keyboard and printer; and an 
observer response box (Figure 7). The instrument is capable of 
generating stationary, flickering or drifting sine wave gratings at 
various contrast levels from 0.1 to .95 (decimal contrast). 
When viewed at three meters, the monitor subtends approximately 
4 x 6 degrees at the entrance pupil. The monitor measures 22.5 x 
14 
28.5 em. The standard test presents a single static sinusoidal gratings 
at 0.5, 1, 3, 6, 11.4 and 22.8 c/deg. Calibration of the instrument 
1s required before any values are considered accurate. 
The CS2000 incorporates its own semi-automatic standard calibra-
tion method. Initial validation of this standard was accomplished 
utilizing a Tektronix J-16 Photometer-Radiometer with a J6523 
luminance probe. Daily Nicolet calibration remained with !5 percent 
tolerance (Appendix A). 
The standard test spatial frequencies were modified slightly to 
parallel as closely as possible the Arden gratings. Spatial frequen-
cies of 0.2 and 0.4ft/deg were not utilized on the CS2000 because the 
small screen size precluded their accurate generation. The sequence 
generated was: 0.8, 1.6, 3.2, 6.4, and 12.8 c/deg. The 22.8 c/deg 
was not utilized in this study due to the emphasis on low and mid 
Fiu. 7. Nicolot Nic Oplronics CS 2000. 
A. Patient Response 
Box 
0.8 c/deg. 
B. Microprocessor Key· 
Board and Printer 
Fig. 8. Nicolet Gratings. 
C. Display Monitor 
1 .. 6 c/deg. 
Fig. 8. Nicolet Gratings. 
3.2 c/deg. 
6.4 c/deg. 
12.8 c/deg. 
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spatial frequencies. The 12.8 was retained to permit a two octave 
range above and below 3.2 c/deg for Part 1 (Figure 8). Preliminary 
photometric calibrations established a mean luminance of 97 candela 
per square meter (Appendix A). 
The CS2000 presentation included a two second preview at .2 
decimal contrast prior to each new frequency trial. The prev1ew 1s 
a standard feature of the instrument and was present for the above 
brief interval to minimize visual afterimage effects and momentary 
"fatigue" of the phosphor on the screen. This is the Nicolet manual's 
recommended procedure. 
The increasing contrast psychophysical method was utilized based 
34 
on the research of Kelly . 
Adaptation Grating (Figure 9) 
The adaptation grating was a photograph of a CS2000 square wave 
grating. It subtended 3.2 c/deg when viewed at 1.5 meters. The 
average cycle width was 8.20 mm with 15 cycles visible. The grating 
subtended a visual angle of approximately 12 x 15 degrees (Appendix B). 
The 3.2 c/deg adaptation grating was presented in a black cloth 
tunnel arrangement as discussed in Part 3 (Apparatus). The luminance 
2 
was constant at 80 candela/m . The photograph was on a mat surface 
to reduce glare, and fixation targets were marked by three letters. 
Subjects were instructed to make frequent but random saccades 
to the area of the fixation letters at the sound of a buzzer. This 
was to avoid afterimage interference with the adaptation effect. 
Fig. 9. Adaptation Grating with Fixation Letters. 
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THE FOUR SECTIONS OF THE STUDY 
This study consists of four sections: a preliminary reliability 
measurement; a demonstration of the selective adaptation effect; the 
main adaptation experiment; and a comparison of CSF curves produced 
by the CS2000 and Arden Plates when utilized with older adults and 
ocular pathology patients . 
Subjects 
Except for the f i na l section, all subjects were selected from 
the student, staff and faculty of the Pacific University College of 
Optometry . Age breakdowns were: 
Table 1 
Age Breakdown 
Age Number Male Female 
20 - 25 7 4 3 
25 - 30 9 4 5 
31 - 35 8 4 4 
36 - 40 2 1 1 
41 - 50 1 1 
51 - 55 3 3 
Total Subjects 30 16 14 
Average Age 32.5 
Standard Deviation !g 
All subjects had complete visual exams pr1or to contrast threshold 
testing. Visual examinations included visual analysis, tonometry, 
fields and slit lamp evaluation . Subjects were selected with at least 
20/25 acuity in each eye; no signs of ocular pathology, lenticular or 
cornea opacities; normal visual fields; and intraocular pressures below 
20 mm (applanation). Subjects for Section 4 were examined by student 
interns and dilated for a complete fundus evaluation. A description of 
Section 4 subjects is discussed in that section. 
17 
Section 1: Reliability Measurement 
Methods 
Repeated contrast threshold measurements were conducted with 
both instruments on a random sample of test subjects. Thirty readings 
were taken with the CS2000 at two separate sess1ons. Nicolet reliabi-
lity measurements are repeated measures of trial one only. 
The Arden plates were tested with 26 subjects at two separate 
sess1ons. Individual scores as well as sum scores were recorded. 
For parallel measurement, individual and sum scores were measured for 
the Nicolet. This instrument usually only records individual scores. 
A Pearson Product-Moment Correlation was run on the test-retest 
threshold values for both instruments. Values of Pearson's Correlation 
Coefficient (r) for alpha significance levels were considered highly 
significant if there was less than a one percent probability of chance 
occurrence of the observed correlation (p less than 0 . 01); suggestive 
if p is less than 0.05 but greater than 0.01; and not significant if 
p is greater than 0.05. 
Results 
Pearson Product-Moment Cor relation for test-retest results. 
Nicolet Optronics CS2000 
N = 30 
Spatial 0.8 1.6 3.2 6.4 12.8 Sum 
Frequency c/deg c/deg c/deg c/deg c/deg Score 
Correlation 
.683 .633 .83 .76 .74 .86 Coefficient 
Significance p <.001 .P < . 001 p < .001 p < .001 p < . 001 p <.001 
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Arden Plates 
N = 26 
Spatial 0.2 0.4 0.8 1.6 3.2 6.4 Sum 
Frequency' c/deg c/deg c/deg c/deg c/deg c/deg Score 
Correlation 
.74 .70 .77 .62 .54 .85 .86 Coefficient 
Significance p <.001 p <.001 p <.001 p <.001 p <.001 p <.001 p <.001 
Table 2 
Reliability Results 
Discussion 
Both instruments showed significant r values at all frequencies and 
at both "sum" scores. The reliability of the Nicolet could be expected 
to be higher if four trials were utilized.* In this study one trial was 
utilized to balance the single trial of the Arden Plates. 
* 
As recommended by the manual. 
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Section 2: Validity Measurement 
Before adaptation could be utilized to compare both instruments, 
it was necessary to validate the presence of the effect. A pilot 
study of ten eyes was conducted to repeat the Blakemore and Campbell 
experiment 23 that quantified the existence and length of the adaptation 
effect and the subsequent recovery period. 
Methods 
The Nicolet Optronics CS2000 was utilized because it could generate 
multiple trials automatically without investigator intervention. Four 
trials on the CS2000 will last approximately one minute so recovery 
from the adaptation effect should be complete by the end of trial four. 
Thus the following procedure: 
1. Preadaptation initial readings monocularly at 0.8, 1.6, 3.2, 
6.4, and 12.8 c/deg (four trials each). 
2. A one minute adaptation period prior to retesting at each 
of the five spatial frequencies (adaptation grating= 3.2 
c/deg). 
3. Retest (four trials) at each spatial frequency at the end of 
the one minute adaptation period. 
4. Recording of trial one threshold values; trials two to four 
utilized as recovery period. 
e.g. 0.8 c/deg 
1. Preadaptation readings. 
2. One minute adaptation. 
3. Post adaptation reading. 
4. Trial two to four recovery period (one minute). 
5. One minute adaptation period. 
6. Post adaptation reading at 1.6 c/deg. 
7. Etc. 
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Treatment of Data 
On each eye measured, there were 40 threshold values recorded; 
20 pre and 20 post adaptation at the five spatial frequencies. Since 
the stimulus to adaptation was specific to 3.2 c/deg, the predicted 
maximum threshold elevation would be expected at this spatial frequency 
with mild elevations at !1 octave steps and no significant elevation 
+ 
at _2 octave steps. 
All threshold values are 1n log units and the elevation of thres-
hold was calculated by subtracting initial threshold values from 
final values. A related measures (paired data) t-test was used on the 
differences from all trials. Results are considered significant if 
there is less than a one percent probability of obtaining the observed 
differences by random factors alone (p < 0.01). If the probability is 
between one and five percent (0.01 ~ p < 0.05), the results are con-
sidered suggestive. The data is presented in graphical and tabular 
formats. 
Trials 
Trial 1 
Trial 2 
Trial 3 
Trial 4 
Results 
Table 3 
t Scores and Significance Levels for the Four 
Trials at Each Spatial Frequency 
N = 10 
Spatial Frequency c/deg 
2 Octaves 1 Octave Adapting 1 Octave 
Below A.F . Below A.F. Frequency Above A.F. 
0.8 1.6 3.2 6.4 
t = 1. 22 t = 2.26 t = 4.94 t = 2.43 
NS prob. s~g. highly sig. prob. Sl.g. 
p < .05 p < . 001 p <.05 
t = 2.08 t = 2.24 t = 4.34 t 1. 61 
NS prob. sig. highly sig. NS 
p < .OS p < .01 
t = .21 t 2.43 t = 2.84 t = 1. 91 
NS prob. sig . prob. Sl.g. NS 
p < .05 p < .02 
t = .67 t = 1. 28 t = 1.10 t = .275 
NS NS NS NS 
Discussion 
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2 Octaves 
Above A.F. 
12.8 
t = 2.45 
prob. sig. 
p < .05 
t = .78 
NS 
t = -2.23 
NS 
t = 1. 755 
NS 
The five graphs of Figure 10 and the statistical breakdown in 
Table 3 show the only highly significant threshold elevations are at 
3.2 c/deg. By trial four (end of recovery period) there is no statis-
tically significant difference 1.n threshold values at any frequency . 
There 1.s evidence of probably significant changes one octave to either 
side. 
The results demonstrate the selective frequency effect is manifest 
at the adaptation frequency with some effects felt one octave to either 
side. Random eye movements were encouraged during adaptation periods to 
avoid afterimages but some effect is evident on all graphs. 
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Section 3: Main Adaptation Study 
Methods 
The ma1n study concerned the capability of the two instruments to 
detect a 3.2 c/deg threshold elevation. For this experiment, 60 eyes 
(30) subjects were tested at two separate sessions. The inter-session 
interval was 48 hours with 30 minutes allotted to monocular testing at 
each session. The design was counterbalanced by alternating the presen-
tation of the CS2000 and Arden plates from session to session. The 
counterbalance procedure was also applied to subject's eye tested to 
avoid trend effects. The specific procedure was conducted as follows: 
1. Preliminary visual exams of all subjects by student interns. 
2. Only subjects selected with at least 20/25 corrected acuity 
in both eyes and no evidence of ocular pathology or media 
opacities. 
3. Subjects were seated in the testing room and briefed on the 
concept of grating resolution with the respective instruments. 
4. If there were no questions, pre adaptation values were taken 
at all five frequencies (CS2000) or all six frequencies 
(Arden). Instruments were utilized as discussed in the 
instrumentation section. 
5. Threshold values were recorded for one trial at each frequency 
(Figure 11 and 13). 
6. Adaptation viewing of the 3.2 c/deg square wave grating for 
one minute (Figure 12). 
7. Post adaptation retest with the respective instrument at the 
first spatial frequency 0.8 or 0.2 c/deg (Figure 11 and 13). 
8. Repeat of Step 6. 
9. Repeat of Step 7 at the second spatial frequency 1.6 or 0.4 
c/deg. 
10. Repetition of Steps 6 and 7 until all frequencies were tested 
on both eyes. 
11. If the Nicolet was utilized at sess1on one, the subject was 
scheduled for the Arden plates at session two and vice versa. 
Fig. 11. Pre- and Post-Adaptation Subject Testing Position 
for the Nicolet CS 2000. 
Fig. 12. Subject Studying the Adaptation Grating. 
Fig. 13. Pre· and Post-Adaptation Subject Testing Position 
for the Arden Plates. 
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Apparatus 
Testing was conducted in the same room for both instruments under 
similar conditions. Figures 11, 12, and 13 show the "tunnel" arrange-
ment with black cloths to avoid subject distractions from the necessary 
investigator movements. 
During the adaptation period, afterimage effects were minimized 
by having the subject make random saccades to the fixation letters when 
a buzzer sound was heard. 
For the Arden plates a metronome was utilized to keep grating 
exposure time at a standard rate: approximately 12 seconds per plate 
(100 beats per minute) . 
Time intervals for adaptation exposure and recovery were identical 
for both instruments. The only difference was the two second preview 
of the grating, a standard part of the CS2000 presentation. 
All testing conditions were kept in strict accordance with the 
procedure and photometric values discussed in the section on 
instrumentation. 
Treatment of Data 
The pre and post adaptation results of the two instruments were 
not quantitatively compared to each other. Since the Arden scores can-
not be accurately converted to absolute log units, only the threshold 
value differences were quantitatively compared. Quantitative assess-
ment was utilized to compare the pre and post adaptation threshold 
values of each instrument separately. 
A single factor analysis of var1ance (SANVAR) was applied to the 
pre and post adaptation values. This repeated measures, treatment by 
subjects design, produces an F ratio which estimates the probability 
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of a random occurrence of differences ~n the repeated measure means 
across the entire CSF curve. Results are considered significant when 
there is less than a one percent probability of obtaining the calcu-
lated F by random factors alone (p < 0.01). If the probability ~s 
between one and five percent (0.01 < p < 0.05), the results are con-
sidered suggestive. Results with p greater than five percent are 
considered not significant. 
After the SANVAR, a related measures (paired data) t-test was 
applied to compare the significance of threshold differences between 
pre and post adaptation threshold values, at each respective spatial 
frequency. Sum score differences were also analyzed in this manner. 
Results were considered significant if p < 0.01 and if 0.01 < p < 0.05. 
Results 
SANVAR. The single factor analysis of var~ance test showed sig-
nificant F values (p< 0.001). for both instruments in comparison of 
pre and post adaptation threshold values. Table 4 contains the specific 
results: 
Table 4 
SANVAR Results for the Arden Plates 
Test N d/f F Value p 
Arden Plates 60 ·5/295 10.68 < .001 
Nic. Opt. CS2000 60 4/236 12.07 < .001 
Figure 14 graphically depicts a plot of the pre adaptive (initial) 
Arden score values versus the post adaptive values. The elevation 
of contrast thresholds was significant at the 0.01 level for each 
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spatial frequency. The curve has the expected threshold drop from 0.2 
to 0.4 c/deg which ~s a characteristic of Arden plots . The curve does 
show the highest elevation at the adaptation frequency 3.2 c/deg (plate 
6). Table 5 summarizes the statistical results: 
Table 5 
Arden Score Results and Significance: Nic Optronics CS2000 
N = 60 
Pre Pre Post Post 
Spat. Adap. Adap. Adap. Adap. t Sig . 
Plate if . Freq. Mean S.D. Mean S.D . Value p 
2 0.2 c/d 13.8 2.3 15 2.4 5.06 p < .001 
3 0.4 c/d 11.2 1.6 13.2 1.8 9.32 p < .001 
4 0.8 c/d 12 . 1 1.6 14.3 2.3 9.92 p < .001 
5 1.6 c/d 11.4 1.5 14.1 2.0 11.30 p < .001 
6 3.2 c/d 11.7 1.8 15 . 2 2.8 11.48 p < .001 
7 6.4 c/d 11.5 2.3 13.8 2.8 6.74 p < .001 
sum score 71 . 85 8 . 8 85.65 11 15.19 p < .001 
Figure 15 and Table 6 summarize the Nicolet pre and post adaptation 
threshold values. The threshold elevation is evident in the lower 
curve with significant changes occurring at most spatial frequencies. 
The highest elevation is at the adaptation frequency of 3.2 c/deg. 
Spa. Pre 
Freq. Adap. 
c/deg Mean 
0.8 -1.49 
1.6 -1.80 
3.2 -1.96 
6.4 -1.89 
12.8 -1 . 54 
Su Sc -8 . 52 
Table 6 
Nicolet CS2000 Threshold Mean Values 
N = 60 
Pre Post Post 
Adap . Adap. Adap. t 
S.D. Mean S.D. Value Sig. 
.23 -1.47 .23 1. 05 NS 
. 21 -1.67 .23 5.63 Hi Sig 
.23 -1.77 .24 9.13 Hi Sig 
.29 -1.77 .31 5.73 Hi Sig 
.28 -1.49 . 27 2. 71 Sig 
.89 -8 . 54 1. 09 0 . 272 NS 
p 
<. 001 
< .001 
<. 001 
< .01 
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Discussion 
The simulated notch loss was detected by both instruments but the 
discriminatory capabilities varied. The threshold elevation was not 
limited to the adaptation frequency but spread over a range of frequen-
d d . . 26 . d h h +1 b d c~es. In ee ~nvest~gators have po~nte out tat t e- octave an 
. . £. f . b d . d 35 w~dth ~s a ~gure o some controversy. Sp~tz erg an R~char s pro-
vided evidence that band widths may be up to !4 octaves wide. For 
the design of this study the adaptation effect did produce the max~mum 
threshold elevation at the adaptation frequency but this frequency was 
not independently affected. Afterimage effects could account for the 
generalized threshold change. 
The discriminatory capabilities of the two instruments are compared 
~n Figure 16. In this plot all threshold values are ~n log units. The 
Arden plates seem to appreciate a larger disturbance of visual func-
tion, responding with a fairly generalized threshold elevation. The 
plates do however show a discriminatory peak at the selective frequency -
3.2 c/deg. Statistically all Arden plate frequencies showed a s~gn1-
ficant threshold change even if plates numbered 3 and 2 were 3 and 4 
octaves respectively from the focal site. 
17 Arden has promoted the concept that the foveal area is specialized 
for acuity and high frequency patterns while the mid and lower frequen-
cies are only represented in the retinal periphery. The plates then 
provide a rapid screen of peripheral retinal function and would be 
expected to be uniformly sensitive to either a focal or diffuse visual 
disturbance. A selective frequency loss would not be "missed" by the 
plates but it would manifest itself 1n a generalized threshold eleva-
tion across the entire CSF curve. This could be attributed to the 
27 
large retinal area subtended by the test or the fact that selective 
spatial bands may span more than ~1 octave. Some literature studies 
support this idea. 
Kupersmith et al. 28 utilized the Arden plates to test 45 patients 
with documented compressive lesions of the optic tract without loss 
of 20/20 Snellen acuity. They reported the plates significantly 
detected the threshold elevations of all spatial frequencies. Simi-
36 larly Ghafour et al. studied the Arden scores of 99 diabetics and 
found a significantly higher mean threshold at each frequency with 
marked elevationi at plates 6 and 7 (3.2 and 6.4 c/deg). These eleva-
tions were deviations from the authors' own normative values. Table 7 
demonstrates the similarities for Arden scores between the preceding 
studies with a diffuse visual disruption and the present study's simu-
lated notch loss values. 
Table 7 
Arden Scores 
Diffuse Disruption Vs. Focal Disruption 
Spatial 
PL 1f Frequency 
2 0.2 
3 0.4 
4 0.8 
5 1.6 
6 3.2 
7 6 . 4 
Sum Score 
Kupersmith et al. 
Compressive 
Lesions of the 
Optic Tract 
Score S.D. 
15.2 3 
13.8 2.6 
16.8 2.4 
15.6 2.8 
15.1 3 
15.8 4.3 
92.3 
Simulated Losses 
from Adaptation 
Thesis Study 
Score S.D. 
15 2.3 
13.2 1.6 
14.3 1.6 
14.1 1.5 
15.2 1.8 
13.8 7.3 
85.6 
Ghafour et al. 
Background 
Diabetic 
Retinopathy 
Score S.D. 
13.6 2.87 
12 2.23 
13.33 3.06 
13.13 2.64 
12.66 4.33 
14.86 5.20 
79.58 
28 
With the large standard deviations of the pathological cases, it 
would be difficult to utilize the individual plate scores as diag-
nostic criteria. The sum score does present a better indication of 
the severity of visual disturbance. 
The previous table demonstrates Arden scores under three abnormal 
conditions. The fact that the highest Arden plate value is 6.4 c/deg, 
probably precludes the possibility of the plates actually isolating a 
selective frequency loss. For example, Bodis-Wollner and Diamond 21 
reported six cases of notch loss with cerebral lesions. The mean loss 
was at 9.3 c/deg with a standard deviation of !3. 
Similarly Arden and Gucukoglu37 studied 57 patients with retrobul-
bar optic neuritis and concluded that the impairment of function failed 
to show a consistent pattern from plate to plate. The Arden scores 
did yield the largest threshold elevation at 6.4 c/deg, thus the authors 
concluded the sum score was a sensitive indicator of demyelinzation. 
. 26 27 Other stud1es ' on focal (notch) losses have suggested selective 
losses peak above 6.4 c/deg. 
These findings do not diminish the value of the Arden plates to 
detect anomalies. They do reinforce the hypothesis that the plates 
tend to respond with a generalized elevation to all visual function 
disturbances within the 6.4 c/deg limit. The overlapping distribu-
tions between abnormal and normal threshold values are more of a limi-
tation of the instrument, but a problem not limited to the Arden plates. 
Although the CS2000 demonstrated a more discriminatory ability to 
isolate the selective frequency, there is a similar overlap of normal 
and abnormal threshold values. The lack of published studies of 
CS2000 norms complicates the evaluation of the detection potential of 
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this instrument. Indeed if it i s employed with a full four trials* 
at each frequency, its reliability and validity should certainly be 
higher. Even with one trial, the instrument \vas more selective ~n 
threshold elevation detection than was the plates. 
The limitation of the instruments comes from the need for clinicians 
to develop their own norms, which must be recorded after careful photo-
metric calibration . Subject variability, as evidenced by high standard 
deviations, is a definite limitation of any contrast sensitivity test 
if it ~s to be used for differential diagnosis. 
The Problem of Normative Studies 
Although the CS2000 is probably a more accurate test of CSF, the 
manual presents no normative studies. Thus each practitioner must 
develop a substantial "normal 11 pool of subjects before definite values 
can be set for normal and abnormal. Timpone and Sherman38 have an 
extensive series of CS2000 normative data (e.g. Figure 17) but these 
figures are based on a mean luminance of 75 candela per meter squared 
2 (present study utilized 100 cd/m ). 
In contrast, the Arden plates comes with normative data, yet 
individual practitioners will find a need to develop their own stan-
dards due to the inter-examiner exposure rate variable . 
17 Arden has delineated four 11 cut off" criteria to indicate the 
presence of retinal or neural abnormalities: 
1. Highest permissible reading on any one plate: 16. 
2. Sum score that probably indicates an abnormality: 78-82. 
3. Sum score that indicates an abnormality: 82. 
4. Interocular difference of scores indicating abnormality: 11. 
* As suggested by the manual . 
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Arden also assigns an arbitrary 25 to any plate that a subject 
fails to appreciate entirely. In the thesis study 20 was the highest 
. h . . 39 h d d h" h d b score g1ven. Ot er 1nvest1gators ave recomrnen e t ~s met o ecause 
of the statistical distortion produced by the arbitrary value of 25. 
If the Arden criteria were applied to this study, the following 
results would be found: 
1. Highest Individual Plate (16 or greater) 
Normals 7 out of 360 (pre adaptation) 
Abnormals 62 out of 360 (post adaptation) 
2. Probably Abnormal (78-82 sum score) 
Normals 12 out of 60; Abnormals 6 out of 60 
3. Abnormal Arden Score (82+) 
Normals 6* out of 60; Abnormals 36 out of 60 
4. Interocular Data: not applicable 
The appropriate "cut off" values show a \vide discrepancy if some 
of the published values are compared to the thesis study norms. Table 
8 compares these values. Figure 18 compares the thesis norms vs. the 
Arden manual normative values. 
Table 8 
Arden Norms - Mean Values 
Spatial Arden Thesis Sokol Arden 
Frequency Jacobsen32 Values et al. 39 Manual 
PL # c/d 1978 1983-84 1981 1982 
s.d . s.d. 
2 0.2 12.1 1.5 13.8 2.3 12.95 ll. 5 
3 0.4 11.0 1.1 11.2 1.6 11.06 10 
4 0.8 12.1 1.5 12.1 1.6 12.87 ll. 5 
5 1.6 11.6 1.8 11.4 1.5 12.58 11.5 
6 3.2 11.2 1.6 11.7 1.8 12.10 10 
7 6,4 10 2.3 ll. 5 2.3 11.89 9 
Sum Score 68 71.8 73.45 63.5 
N = 90 60 ? ? 
Ages 17-64 23-55 ? ? 
Mean 34 32.5 not provided not provided 
* Of this 10 percent false pos1t1ve rate; 2 subjects (4 eyes) recorded 
sub 20/20 acuity and 1 patient had systemic hypertension. 
20 
19 
18 
17 
16 
w 15 
a: 
0 14 
~ 13 
2 12 w 
0 11 a: 
<! 10 
9 
8 
7 
2 
2 
Fig. 18. 
ARDEN RESULTS 
.4 .8 1.6 3.2 
SPATIAL FREQUENCY (c/deg.) 
3 4 5 6 
PLATE NUMBER 
Thesis Study "Norms" vs. Arden Manual Norms. 
• = Arden Plate Manual Norms 
e = Normal Averages :._ 1 S.D. 
Low 
>-
1-
> 
1-
Cl) 
2 
w 
U) 
1-
U) 
<! 
a: 
1-
z 
••••• IO 
u 
High 
6.4 
7 
31 
Except for the initial plate #2 (0.2 c/deg), the thesis normals 
closely parallel Arden's 1978 values.* The published normative values 
in the manual are lower although the "cut off" values remain at :!:82. 
Figure 18 reflects the thesis study normative values (!I s.d.) as com-
pared against the manual norms for which no standard deviations are 
provided. 
17 Arden emphasizes the value of the sum score to preclude distorted 
individual scores from subject inattention. The sum score does improve 
the discriminatory ability of the test if a valid cut off value can be 
determined. 17 Arden's own data suggest that there is considerable 
variance among the normal population's sum scores as well as inter-
examiner variance. The variable speeds of exposure from one examiner 
to another can produce a range of "normal" responses. The developer 
insists, however, that the plates are not repeated after the initial 
trial in order to preclude learning and to keep the test simple and 
quick to administer. 
Arden's original studies40 reported the highest normal score to 
be 82. He also concluded that there was a complete separation between 
l d 1 0 h f . d' 39,41,42 1 h norma an g aucomatous eyes. t er 1n 1ngs comp ement t e 
thesis results which indicated significant overlap between normal and 
abnormal scores. · 
Hsu-Winges et a1. 41 studied 164 patients (77 COAG, 30 OAG, 57 nor-
mal) with the Arden plates. They reported a statistically significant 
effect with age but concluded the overlap of normal and abnormal 
patient scores made the test of dubious value as a screening mechanism . 
Sokol et a1. 39 reported such a high number of false positives in older 
* Arden17 found inter-examiner variability from 11.9 to 13.7 on plate 
2 ( 8. d. ±2. 7). 
32 
subjects that they recommended restricting the test utilization to a 
42 population under 50 years. Salka reported scores rise with age so 
norms must be age corrected. 17 Even Arden concluded that the plates 
may not be useful over age 70 although he reported no age influences 
from 11 to 70 years. 
In a 1981 issue of the British Journal of Ophthalmology, contrast 
. . • . 'd d 43 sens1t1v1ty test1ng was recons1 ere . An editorial stated that 
initial encouraging results have been tempered by later questioning 
results. It was surmised that a considerable overlap of scores combined 
with a lack of acceptable norms has dampened the enthusiasm for CSF 
testing. This criticism seems complemented by this study's results 
with both instruments, and is supported by the literature articles pre-
viously cited. The Nicolet instrument seemed to outperform the Arden 
plates for discrimination of a subtle focal loss, but the overlap of 
threshold values tempers the significance of recorded values on a case 
to case basis. 
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Section 4: Aged and Pathological Cases 
Introduction 
The previous portion of this study shows that the CS2000 CSF 
recordings can more clearly depict a subject's CSF curve than the Arden 
plates. Since each instrument seems to respond to contrast sensitivity 
disruptions with a different discriminatory style, this final portion 
of the study applied the instruments to two groups where contrast 
threshold values are expected to be altered. 
1 44 . 1 . 1 1 . f Wea e states that v1sua acu1ty c ear y deter1orates a ter age 
45 with reductions in contrast of the retinal image, increased optical 
aberrations, and cellular loss 1n the brain. 45 Oswley and Sekuler 
proposed that decreased spatial resolution might be a fundamental part 
of human aging, accounting for the impaired ability of the aged to 
detect large (low frequency) objects. 
Sekuler et al. 24 had published an earlier paper where they con-
eluded that younger individuals had three times the contrast sensitivity 
of older individuals for low and mid frequencies. 45 In a later paper, 
they reported that the previous work had not taken into account the 
optical differences between older and younger observers. 
Said and Weale, 46 for example, estimated that the retina of a 
average 60 year old suffers a three fold loss in retinal illuminance 
due to optical factors (miosis and lenticular density). These authors 
concluded that these factors must be accounted for in consideration 
of the contrast sensitivity thresholds of the aging population. Even 
so, Oswley and Sekuler believe there still seems to be a 11neural 
basis 11 to low frequency loss with aging. 45 
The problem of contrast threshold values and aging 1s an important 
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area ~n evaluation of the current instrumentation. The optometric 
profession ~s significantly involved in care of patients who manifest 
visual changes beginning in their early 40's. If contrast thresholds 
rise with age, then CSF curves should serve as a valuable indicator 
of subtle visual losses from aging and/or pathological anomalies. 
Methods 
In this portion of the study threshold values (N = 14) were 
recorded on a senior population. The group ranged from 55 to 73 years 
(mean 63.6 years, s.d. 8.7) and all had complete visual examinations 
prior to the CSF testing. The purpose of this study was to compare 
the CSF curves of this selected group on both instruments against the 
mean values established in Section 3. If older individuals have 
reduced low frequency CSF values, then it was postulated that the 
respective instruments should demonstrate contrasting discriminatory 
records of threshold elevations in the low and mid frequency ranges. 
Toward the end of this report, four case histories are presented 
of patients with documented visual disturbances and their corresponding 
CSF results on both instruments. These patients were drawn from the 
Vancouver VA Hospital. All received full, dilated visual exams prior 
to CSF testing. 
Results 
Contrast sensitivity records were run on the sen~or group at two 
separate sessions. In addition all had been thoroughly examined by 
student interns at two previous sess~ons. Figure 19 shows the group 
mean and standard deviations of the 55 to 73 group and the extracted 
mean of the 70 to 73 individuals. All individuals had at least 20/30 
Snellen acuity at far and 20/40 at near (16 inches). 
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Results 
Table 9 shows the comparison of threshold values between different 
age groups. 
1980 
Published 
23-'30 yrs 55- 73 yrs 70':-73 yrs Norms 41 S.F. Norms Norms Norms Sokol et a.l. 
PL i/= c/deg N = 32 N = 14 N = 6 58-82 N = 14 
Mean S.D. Mean S.D. Mean S.D. 
2 0.2 13.4 2.5 15.46 3.17 15.8 4.4 15.46 
3 0.4 10.96 1. 64 12.6 2.45 13.58 3.0 14.42 
4 0.8 12.07 1. 64 13.7 2.65 14.83 2.78 15.27 
5 1.6 11.42 1.5 13.6 3.21 15.5 3.5 16.17 
6 3.2 11.7 1.6 14 3.7 17.8 2.97 17.25 
7 6.4 11.1 1. 72 15.7 4.25 20* 0.0 18.63 
Sum Score 71.85 8.8 85.2 16 96.79 15 97.20 
no S.D. g~ven 
* plate not seen 
Table 9 
Age Related Norms for Arden Plates 
Figures 20 and 21 and Table 10 show the age related variations for 
the CS2000. 
N = 32 N = 14 N = 6 
S.F. 23-30 yrs 55-73 yrs 70-73 yrs Published 
c/deg Norms Norms Norms Norms 
Mean S.D. Mean S.D. Mean S.D. 
0.8 -1.53 .22 -1.46 .14 -1.48 .09 None 
1.6 -1.83 .17 -1.80 .26 -1.93 .17 
3.2 -2.00 .19 -1.86 .28 -1.90 .16 
6.4 -1.92 . 23 -1.73 .33 -1.72 .3 
12.8 -1.57 .22 -1.38 .34 -1.38 .41 
Table 10 
Age Related Norms for the Nicolet CS2000 
• = 55-73 year norms+ 1 S.D. 
• = Normal Averages±._ 1 S.D. · 
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Discussion 
The graphical representations reflect the loss of contrast sens~-
tivity at the mid and high frequency range (6.4 to 12.8 c/deg). Indeed 
efforts to test at 22.8 we r e halted because subjects were unable to 
distinguish the grating lines from the monitors CRT raster lines. 
There is no clear evidence that aged individuals have a marked loss 
of low frequency contrast sensitivity. Threshold values for the 70 to 
73 year old group even tended to be above normal at 1.6 c/deg. All 
seniors seem to have difficulty with the frequencies where optical and 
accommodative rather than neural changes would disrupt normal visual 
function. 
17 Arden concluded that CSF testing is questionable in the elderly 
(over 70 years) and the plates may not be useful with this population. 
The cases presented here seem to show that contrast sensitivity records 
on the elderly don't offer the practitioner much more significant 
patient data then fields and acuity would provide. 
Case History #1: Bilateral Aphakia 
Patient: CN 
Description: 61 year old white male 
CC: (a) fluctuating vision 
(b) pain over left orbit 
Medical Hx: emphysema, asthma 
Medication: Theodur, Terbutalin 
Ocular Hx: Bilateral cataract surgery 
OD: 1977; OS: 1978 
Refractive Status: O.D.: +11.25- 0.75 x 155 
O.S.: +10.75 sphere 
+3.00 add 
20/20 -1 
20/15 
20/20 at 40 em 
Visual Fields: some depressions noted on Friedman screening 
37 
Motor Fields: unrestricted, patient reports pa1n on O.S. movement 
Pupils: 
Tonometry: 
Color Vision: 
Externals: 
3.5 nun O.U. 
PERRAL 
Marcus Gun: neg 
Tapp 18/18 
17/17 correct on Pseudoisochromatic Plates 
Tenderness to touch of the superior orbital foramen 
area O.S. Reduced sensitivity to pin prick in some 
area as compared to O.D. 
Anterior Segment: WNL 
Posterior Segment: Media clear 
Impression: 
Plan: 
C/D .3/.3 
margins distinct 
A/V 2/3 no crossing 
abnormalities 
Round area of hyperpigmentation O.D., 2 dd 1n size, 
located 6 dd superior to disc. 
Fluctuating vision and chronic ocular asthenopia of 
long duration O.S. No apparent etiology. Neuralgia? 
Referred to Portland VA Neurology Clinic for further 
evaluation. 
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Contrast Sensitivity Results 
Table 11 
Arden Plates: Patient CN 
Spatial Frequency c/deg 
0.2 0.4 0.8 1.6 3.2 6.4 Sum Score 
Norms 
55-73 15.5 12.6 13.7 13.6 14 15.7 85.2 
s.d. 3.2 2.5 2.7 3.2 3.7 4.25 12 
CN O.D. 17 16 19 19 18 20 109 
(NS) 
o.s. 18 16 18 18 19 20 109 
(NS) 
NS: not seen 
Table 12 
Nicolet Results: Patient CN 
Spatial Frequency c/deg 
0.8 1.6 3.2 6.4 12.8 
Nonns 
55-73 -1.46 -1.80 -1.86 -1.73 -1.38 
s.d. .14 .26 .28 .33 .34 
CN O.D. -1.212 -1.68 -1.88 -1.762 -1.34 
s.d. .15 .10 .11 .06 .07 
o.s. -1.382 -1.77 -1.95 -1.717 -1.56 
s.d. .09 .04 .10 .06 .09 
Graphs 22 and 23 together with Tables 11 and 12 depict the CS 
threshold values recorded from this patient. The Arden plates demon-
strate a complete generalized threshold elevation while the CSF curve 
of the Nicolet shows little deviation from the normative sample. The 
impression is that optical factors are interfering with the Arden 
readings at 57 em. The CSF testing seems to serve no diagnostic 
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significance in this case. The patient felt the bifocal line distorted 
his ability to recognize the Arden gratings at 57 em. It was much 
eas~er for him to view the CS2000 gratings at 3m. 
This patient exemplifies the interference of optical factors 
with a near CSF test. Proper procedure would be to utilize a trial 
frame near Rx to maximize visual acuity at 57 em. Time factors pre-
cluded this approach here. The case exemplifies the need to examine the 
testing procedure before drawing conclusions about a patient's "subtle" 
loss of vision. 
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Case History #2: Lenticular Changes plus Diabetes and Hypertension 
Patient: JH 
Description: 67 year old retired military officer 
CC: Fluctuating vision, blur at far and near. 
Medical Hx: chronic hypertension 
recent diagnosis (2 months) diabetes 
Medication: diabenase 250 mg qid; potasium 
anti-hypertensive drugs (not present) 
Ocular Hx: · presbyopia and astigmatic hyperopic 
Refractive Status: 
Visual Fields: 
Motor Fields: 
Pupils: 
O.D.: 
o.s.: 
+1.50- 0.50 X 120 
-0.25 - 1.50 X 075 
+2.25 Add 
Friedmann and Amsler grid 
WNL O.U. 
full and unrestrictive 
PERRAL 
3 mm O.U. 
Margus Gun negative 
Tonometry: Tapp 14/14 
Externals: WNL 
25/30 +1 
20/30 
20/30 at 40 em 
each eye 
Anterior Segment: Mild lenticular nuclear sclerosing O.U., posterior 
subcapsular cataract O.S. 
Posterior Segment: A/V 4/5 O.U., no abnormal crossings, good retinal 
hue, no exudates or hemorrhages O.U.; C/D .3/.3 
clear. 
Plan: New lenses; no ocular pathology problems. 
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Contrast Sensitivity Results 
Table 13 
Arden Plates: Patient JH 
Spatial Frequency c/deg 
0 .2 0.4 0.8 1.6 3 . 2 6.4 Sum Score 
Norm 
55-73 15.5 12.6 13.7 13.6 14 15.7 85.2 
s.d. 3.2 2 . 5 2.7 3.2 3.7 4.25 16 
JH O.D. 16 12 14 13 19 20 94 
(NS) 
o.s. 16 12 18 17 19 20 102 
(NS) 
NS: not seen 
Table 14 
Nicolet Results: Patient JH 
Spatial Frequency c/deg 
0.8 1.6 3.2 6.4 12.8 
Norms 
55-73 -1.46 - 1.80 -1.86 -1.73 -1.38 
s.d. .14 .26 .28 .33 .34 
JH O.D. -1.28 -1.78 -2.03 -1.79 -1.23 
s.d. .OS .13 .09 .02 .06 
o.s. -1.33 -1.507 -1.37 -.785 -.94 
S.d. .03 .16 .09 .08 .05 
The CSF curves of patient JH show quite dramatically his loss of 
contrast sensitivity due to lenticular changes. His history of diabetes 
and hypertension plus the posterior subcapsular cataract O.S. would be 
expected to raise his thresholds in the mid and high frequency areas. 
Both instruments also demonstrate elevations with the low frequencies. 
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Upon questioning, the patient felt his acuity was sufficient to 
drive only since he started wearing a full time 10 percent tint. 
Apparently glare was subjectively appreciated as more of a visual 
disturbance than the low contrast sensitivity. The values recorded 
in this study reflect the CSF through the tinted lenses. Even though 
the patient's acuit¥ is more than adequate for the spatial frequency 
range tested, the combination of optical (tint) and lenticular filters 
seemingly lower his contrast sensitivity to an unacceptable level for 
driving. 
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Case History :ffo3: Chronic OpenAngle Glaucoma with Field Loss 
Patient: PG 
Description: 87 year old white male 
CC: Visiting clinic for I.O.P. recheck and visual field 
evaluation. 
Medical Hx: Patient was referred to the Optometry Clinic in 
1980 after an internist noticed a flame shaped 
hemorrhage O.D. Diabetic workup was negative. 
General health is excellent. 
Ocular Hx: Patient was diagnosed as having C.O.A.G. in 1980 
and has been on medication since this time. 
Medication: Pilocarpine 2% qid O.U. 
Timolol .5% q 12 h 
Refractive Status: O. D.: 
o.s.: 
+1. 25 
+1.00 
+2.50 Add 
20/40 +1 
20/30 -2 
20/40 at 40 em 
Visual Fields: O.D.: Superior nasal contraction with inferior 
nasal depression. 
O.S.: Superior nasal contraction with overall 
depression. 
Tonometry: Tapp 12/12 
Anterior Segment: Mild nuclear sclerosing O.U. 
Posterior Segment: .6/.6 C/D 
normal hue 
Plan: 
no marked vessel changes 
C.O.A.G. under control; return 1n three months 
for I.O.P. check and fields. 
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~outrast Sensitivity Result s (Figures 27 and 28) 
Table 15 
Arden Plates: Patient PG 
Spatial Frequency c/deg 
0.2 0.4 0.8 1.6 3.2 6.4 Sum Score 
Norm 15.5 12.6 13.7 13.6 14 15.7 85.2 
s.d. 3.2 2.5 2.7 3.2 3.7 4.25 16 
PG O.D. 20 18 18 19 18 20 113 
o.s. 20 18 19 17 20 20 114 
Table 16 
Nicolet Results: Patient PG 
Spatial Frequency c/deg 
0.8 1.6 3.2 6.4 12.8 
Norm -1.46 -1.80 -1.86 -1.73 -1.38 
s.d. .14 .26 .28 .33 .34 
PG O.D. .97 -1.48 -1.22 -1.05 -.36 
s.d. .1 .22 .09 .37 .07 
o.s. -1.38 -1.75 -1.34 -.97 -.95 
s.d. .04 .2 .22 .19 .11 
Patient PG's graphs show generalized threshold elevations on both 
instruments. The most serious deficiencies appear at the mid frequen-
cies with almost minimal contrast sensitivity values projected for 
high frequencies. 
This patient 1s the oldest patient examined and there are no proper 
norms of his age group. Graphically, compared against the 23 to 55 
year norms, he shows marked deviations. The patient reported that he 
drives frequently without difficulty the 50 miles from his house to the 
clinic appointment. Thus, despite the test results indicating 
reduced contrast sensitivity, the pa tient experiences no subjective 
problems with day or night driving. 
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Case History #4: Field Loss 
Patient: MH 
Description: 71 year old white male 
CC: blur after reading one-half hour, headache and 
numbness on right side 
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Medical Hx: hypertension (lD years), stroke (1981), arthritis 
Medication: quinedine q.i.d. 
Larix 1/day 
digoxin 1/day 
Naproxin t/d 
Ocular Hx: myopic-astigmat, presbyopia 
Refractive Status: O.D.: -0.25 - 1.25 X 105 20/25 +2 
o.s.: -1.50 - 0.50 X 085 20/20 
+2.00 20/20 at 40 em 
Visual Fields: O.D.: superior-temporal loss on Amsler Grid and 
Goldmann perimeter 
o.s.: superior field loss 
Motor Fields: full and unrestricted O.U. 
Pupils: PERRAL 
Tonometry: 
Anterior Segment: 
Posterior Segment: 
Plan: 
4 tmn o.u. 
Tapp 16/16 
Cornea clear, open angles, mild lens brunescence 
O.U. Small lens vacuoles O.U .. 
Media clear, discs 
O.D. .3/ .3 O.S.; 
vessel crossings. 
good retinal hue. 
(a) New lens. 
clear and distinct; C.D .. 5/.5 
vessels 4/5 O.U. No abnormal 
No exudates and hemorrhages -
(b) Refer to internal medicine about numbness and 
headache. 
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Contrast Sensitivity Results (Figures 29 and 30) 
Table 17 
Arden Plates: Patient MH 
Spatial Frequency c/deg 
0.2 0.4 0.8 1.6 3.2 6.4 Sum 
Score 
Norms 15.5 12.6 13.7 13.6 14 15.7 85.2 
S.d. 3.2 2.5 2.7 3.2 3.7 4.25 16 
MH O.D. 17 14 16 16 18 20 101 
o.s. 19 13 15 14 13 19 93 
Table 18 
Nicolet Results: Patient MH 
Spatial Frequency c/deg 
0.8 1.6 3.2 6.4 12.8 
Norms 1.46 1.80 -1.86 -1.73 -1.38 
s.d. .14 .26 .28 .33 . 34 
MH O.S. -1.22 -1.55 -1.66 -1. 39 -.92 
s.d. .06 .06 .07 .03 .08 
O.D. -1.22 -1.75 -1.62 -1.68 -1.34 
s.d. .11 .12 .17 .09 .06 
Both instruments demonstrate a generalized ("level") loss of con-
trast sensitivity. Again the higher frequencies produced the most rapid 
decline in sensitivity in spite of good Snellen acuity. When a high 
frequency grating (22.8) was presented, the patient responded with 
threshold values (.95/.92) similar to the 12.8 c/deg level. Upon ques-
tioning the patient confessed he really "had no idea" if anything was 
on the monitor at 22.8 c/deg. For the four case history patients the 
12.8 seemed to be as high a frequency as practical for this study. 
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Case History Overview 
The case histories presented were drawn from a small pilot study 
(N = 10) at the Vancouver Washington V.A. Optometry Clinic. The 
experience of examining real cases demonstrated several factors: 
1. The Arden plates are a quick, simple screening device but the 
near testing distance often invalidates findings due to accommodative 
problem, multifocal lines, and slow response to grid recognition. 
Similar to Sokol et al. 's 39 conclusion, the test probably has limited 
use over age 50. 
2. The Nicolet test was preferred by the patients to the ordeal 
of Goldmann perimetry but testing required a good 30 minutes of trials 
~n order to comfbrtably attain adequate CSF recordings. It could not 
be easily accomplished on the same day as the initial visual examina-
tion. 
3. Although the CSF recordings report poor contrast sensitivity 
in the presence of adequate Snellen acuity, none of the patients 
recorded any subjective complaint of night vision difficulty. 
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CONCLUSION 
The hypothesis of the ma~n study was qualitatively supported by 
the CSF recordings. The Arden plates are a quick, simple screening 
instrument that seems to detect threshold elevations with a generalized 
elevation of curve values. It is an inexpensive test that could 
easily be added to routine optometric color and near acuity testing. 
The scores seem to be reliable and valid indicators of visual distur-
bances when used in conjunction with acuity and field testing. The 
overlap of normal and abnormal scores limits the test discriminatory 
ability to delineate selective frequency losses. Carefully recorded 
age-related norms would increase the test's validity if the individual 
practitioner records them under standardized luminance levels, test 
distances, and instructional sets. Preliminary examinations must pre-
clude media changes, tinted lenses, multifocal lines, and fatigue 
from invalidating threshold value standards. 
The Nicolet CSZOOO produced a more discriminatory profile of the 
focal disruption although the same overlap of abnormal and normal 
values tempered the results. The lack of normative standards, the 
need for careful photometric calibration, and the sophistication of the 
microprocessor preclude this instrument's adoption by the individual 
practitioner. The CS2000 is an expensive, versatile instrument that 
could complement the testing of automated field peremeters and electro-
diagnosis procedures 1n a large visual diagnostic center (University 
Optometric Center, etc.). 
The quality of the monitor's presentation is poor, characterized 
by flicker and slow phosphor fading. The instrument would be improved 
by a more simplified microprocessor with a standardized set of software 
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cartridges that could generate gratings on a larger monitor display. 
Presently the lower frequencies (less than 1 c/deg) and the higher 
frequencies (greater than 13 c/deg) are poorly generated on the 
screen at three meters. A larger monitor screen is needed to permit 
an adequate (6 to 10) cycle representation of low frequencies with 
flexibility to test at distances from 1.5 to 3 meters. 
Both instruments have limited value in differential diagnosis of 
aging and pathological visual disturbances. Individual practitioners 
may develop their own normative and cut off values but interprofessional 
communication of contrast sensitivity findings will probably remain 
handicapped by a lack of standardization. Contrast sensitivity instru-
mentation for the clinic needs to incorporate precise psychophysical 
and photometric instructions before CSF records will become a universal 
optometric procedure. 
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FUTURE CONSIDERATIONS 
Some recent investigators have questioned the validity of CSF 
d . . h . 1" . 43,47 recor Logs Ln t eLr present app LcatLon. Indeed the overlap of 
normal and abnormal scores represents a serious limitation of the 
current instrumentation. Although early investigative enthusiasm for 
CSF relations to visual loss have been tempered by clinical trials, 
astute modification of existing instrumentation could rectify the 
previous mistakes. An inexpensive microprocessor-driven display 
that generated multiple (random) frequency gratings at variable test 
distances, could reverse the declining interest in this pscyhophysical 
technique. 
Subjects examined 1n this study indicated that glare produced the 
majority of the visual disturbance complaints. Indeed Paulsson and 
. d48 SJOStran have published preliminary clinical studies and theoretical 
concepts to quantify the glare effect from media scatter by measuring 
the respective CSF. Coupland and Kirkham49 found antireflective 
coatings of magnesium fluoride greatly enhanced contrast sensitivity 
. h f 1 A . SO . f 1 ff 1n t e presence o g are. new 1nstrument to quantL y g are e ects 
on CSF has been introduced. Future investigators may find the inter-
action between glare and CSF could explain more clearly a patient's 
visual difficulties under varying contrast levels. 
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APPENDIX A 
PHOTOMETRIC CALIBRATION 
NICOLET CS2000 PHOTOMETRIC CALIBRATIONS 
The CS2000 contains a semi-automatic calibration system to maintain 
proper contrast and luminance values. The Nicolet's standard default 
method of calibration sets the monitor for 100 candelas per square 
meter, average luminance, and 0.50 decimal peak contrast at the screen 
center. To verify these values, an external photometer was utilized 
in this study: a Tektronix J-16 Photometer-Radiometer with a J6523 
luminance probe. 
Procedure 
1. Calibration is always performed after the display monitor has been 
warmed up for at least 15 minutes. 
2. Calibration was done with the same lighting conditions as testing 
i.e. no direct light sources in front of the screen. 
3. The Nicolet response box and its stand were placed with the black 
photodiode aperture against the screen. 
4. Monitor brightness and contrast controls were turned to half their 
maximum settings. 
5. Initial readings of the monitor's light and dark calibration grating 
bars were made with the J-16 Tektronix Photometer. 
Results - Contrast 
150 
candela 
square meter 
light bar 
46 
candela 
square meter 
dark bar 
Calculated Contrast = Lmax - Lmin Lmax + Lmin = 
150 - 46 
150 + 46 = .531 
Nicolet manual expected contrast = .500 
Contrast error difference = 
·I 
:r 
.53 - .50 
.50 = 6% 
57 
8.6 8.3 9.3 9.2 x 10 candela/square meters 
9.0 9.3 correction factor = 1.056* 
9.3 9.2 10.3 for Tektronix J-16 Photometer 
8.9 9.1 Therefore Mean Luminance 
7.5 7.6 8.6 Centrally= 9. 2 x 1. 056 = 97. 1 c/m 2 
7.6 Screen mean = 8.84 x 1.056 = 93.4 c/m 
*Correction factor derivations. 
Calibration of the Tektronix J-16 Photometer was made with the Photo 
Research Corporation BSR-100-B for the 342 candela/square meter standard 
(1 deg measuring circle of the J6523 luminance probe) read = 315 
candela/square meter. Therefore calibration error = ;!; or approximately 
342 8 percent; correction factor= 324 = 1.056. 
Calculation of ~5 Percent Drift from Calibration 
Step 1: 
Step 2: 
Step 3: 
Step 4: 
Base line photometric reading of the Nicolet standard light 
bar luminance. Result: 150 candela/square meters 
Monitor brightness knob was adjusted upweard 5 percent 1.e. 
from 150 c/m2 .to 158 c/m2 . Brightness reading: -3 
Monitor brightness knob was adjusted downward. 5 percent 1.e. 
from 148 c/m2 to 140 c/m2 . Brightness reading: +7 
Monitor. contrast knob was adjusted downward 5 percent i.e .. 
from startin~ point of 154 c/m2 to 146 c/m2 . Dark bar now 
reads 42 c/m Calculated contrast = .553 Contrast reading: 
Step 5: Monitor contrast knob was adjusted upw~rd to 158 c/m2 . 
Contrast reading: -10 
~5 Percent Error Analysis 
Total Range for ~5 Percent Limits 
Brightness 
Contrast 
+7 -3 
+8 -- -11 
Based on an interval var1ance within ~5 percent limit, it was found 
that the Nicolet calibration remained within :!:5 percent tolerance each 
day of testing. 
2 
+8 
58 
SURROUND CALIBRATIONS 
Photometric Calibration of the Uniform, Featureless Surround 
A white, featureless background surround was cut out to surround 
the Nicolet monitor's screen . Indirect lighting was provided by a 60 
watt bulb aimed behind the monitor . Uniformity of field photometric 
measurements showed: 
137 
137 
158 
137 
screen 
211.2 
137 
148 
180 
All measures made at 2 em distance from the screen edge. All values 
represent correction factor (1.056) adjustment. 
UNIFORM SURROUND LUMINANCE DEVIATIONS 
137 
137 EJ 137 Lowest Reading 
211.2 Highest Reading 
(screen bottom) 
Average luminance value = 156 cd/m2 
Maximum deviation (screen bottom) = 211 - 156 = 55 
Minimum deviation (screen top) = 137 - 156 = (19) 
55 = 35% 
156 
..11._ = 12% 
156 
)'J 
APPENDIX B 
ADAPTATION GRATING DESIGN 
ADAPTATION GRADIENT CALCULATION 
Photographs of a Nicolet CS2000 generated square wave gradient 
were enlarged to produce a stimulus target subtending 3.2 c/deg when 
viewed at 1.5 M. 
Step 1: Calculation of a 3.2 grating cycle width (X?). 
X?~ 
1.5M 
a = 1 degree 
TAN a = .0175 
TAN 9 = 15~ mm = 2~.25 mm/3.2 c/deg 
Step 2: Calculatiori of bar width for 1 c/deg. 
26.25 mm/3.2 cycle = 8.20 mm/cycle 
APPENDIX C 
SUBJECT RELIABILITY DATA 
NICOLET CS2000 
N = 30 (15 subjects) 
OD 
Subject 
6 
7 
8 
9 
11 
14 
18 
20 
21 
25 
26 
27 
28 
29 
30 
X 
y 
Session 
-1.66 
-1.51 
-1.36 
..,..1.46 
-1.27 
-1.36 
-1.44 
-1.98 
-.174 
-1.88 
-1.44 
-1.47 
-1.21 
-1.30 
-1.13 
· Mean 
-1.47533 
-1.47866 
1 
0.8 
Session 
-1.54 
-1.59 
-1.29 
-1.31 
-1.32 
-1.28 
-1.48 
-1.74 
-1.61 
-1.77 
-1.57 
-1.68 
-1.47 
-1.26 
-1.30 
St. Dev. 
.223237 
.185755 
2 
c/deg 
Subject 
6 
7 
8 
9 
11 
14 
18 
20 
21 
25 
26 
27 
28 
29 
30 
Correlation Coefficient = .67745 
Results for Differences 
Mean = 3.33338E-3 
St. Dev. = .167791 
T = .108812 
Var. 
4.98347E-2 
3.45049E-2 
Var. = .028154 
Sum of Sq. 
1.44521 
1.00064 
Sum of Sq. = .616465 
60 
OS 
Session 1 Session 2 
-1.71 -1.57 
-1.48 -1.52 
-1.48 -1.32 
-1.39 -1.39 
-1.12 -1.12 
-1.26 -1.28 
-1.59 -1.34 
-1.48 -1.78 
-1.50 -1.62 
-1.85 -1.83 
-1.72 -1.37 
-1.61 -1.73 
-1.42 -1.41 
-1.34 -1.37 
-1.10 -1.50 
NICOLET CS2000 
OD 
Subject 
6 
7 
8 
9 
11 
14 
18 
20 
21 
25 
26 
27 
28 
29 
30 
X 
y 
Session 
-2.010 
-1.870 
-1.570 
-1.550 
-1.440 
-1.780 
-2.000 
-2.170 
-1.870 
-1.900 
-1.700 
-2.070 
-1.680 
-1.592 
-1.820 
Mean 
-1.788 
-1.76 
1 
1.6 
Session 
-1.91 
-1.88 
-1.55 
-1.60 
-1.68 
- 1.70 
-1.71 
-1.88 
-1.95 
-1.85 
-1.81 
-1.97 
-1.81 
-1.55 
-1.78 
St. Dev. 
.17679 
.160676 
2 
c/deg 
Subject 
6 
7 
8 
9 
11 
14 
18 
20 
21 
25 
26 
27 
28 
29 
30 
Correlation Coefficient = .627674 
Results for Differences 
Mean = -.028 
St. Dev. = .14632 
T = -1.04813 
Var. 
3.12547E-2 
2.58168E-2 
Sum of Sq. 
.906387 
.748688 
Var. = 2.14096E-2 
Sum of Sq. = .620879 
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OS 
Session 1 Session 2 
-1.88 -2.03 
-1.99 -1.81 
-1.72 -1.67 
-1.75 -1.64 
-1.53 -1.27 
-1.81 -1.59 
-1.53 -1.74 
-1.85 -1.83 
-1.81 -1.78 
-1.84 -1.79 
-1.84 -2.03 
-1.97 -1.74 
-1.68 -1.84 
-1.61 -1.61 
-1.81 -1.80 
NICOLET CS2000 
OD 3.2 
Subject Session 1 Session 2 
6 -1.99 -2.205 
7 -2.15 -2.080 
8 -1.75 -1.780 
9 -1.78 -1.470 
11 -1.61 -1.460 
14 -1.93 -2.000 
18 -1.88 -2.020 
20 -1.77 -1.900 
21 - 1.94 -2.040 
25 -1.76 -2.000 
26 -2.04 -1.880 
27 -2.04 -2.180 
28 -1.90 -2.030 
29 -1.33 -1.330 
30 -2.06 -1.850 
Number of Values = 30 
X 
y 
Mean 
-1.90823 
-1.8925 
St. Dev. 
.218677 
. 255113 
c/deg 
Subject 
6 
7 
8 
9 
11 
14 
18 
20 
21 
25 
26 
27 
28 
29 
30 
Correlation Coefficient = .825173 
Results for Differences 
Mean= -1.57333E-2 
St. Dev. = .144333 
T = -.597057 
Var. 
4.78195E-2 
6.50824E-2 
Var. = .020832 
Sum of Sq. 
1. 38676 
1. 88739 
Sum of Sq. = .604127 
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OS 
Session 1 Session 2 
-2.060 -2.02 
-1.960 -2.22 
-1.820 -1.78 
-1.770 -1.75 
-1.430 -1.32 
-2.120 -1.96 
-1.890 -1.76 
-2.120 -2.07 
-1.930 -1.93 
-2.130 -2.13 
-1.980 -2.08 
-2.190 -2.06 
-2.130 -1.93 
-1.577 -1.45 
-2.210 -2.09 
NICOLET CS2000 
OD 6.4 
Subject Session 1 Session 2 
6 -2.31 -2.16 
7 -2.12 -1.99 
8 -1.89 -1.79 
9 -1.67 -1.37 
11 -1.35 -1.64 
14 -1.88 -1.97 
18 -1.83 -1.76 
20 -2.20 -2.04 
21 -1.64 -1.81 
25 -2.05 -2.13 
26 -1.99 -1.99 
27 -2.18 -2.05 
28 -2.04 -2.09 
29 -1.39 -1.31 
30 -2.02 -2.04 
Number of Values = 30 
X 
y 
Mean 
-1.84133 
-1.83656 
St. Dev. 
.286415 
. 311516 
c/deg 
Subject 
6 
7 
8 
9 
11 
14 
18 
20 
21 
25 
26 
27 
28 
29 
30 
Correlation Coefficient= .764523 
Results for Differences 
Mean= -4.7667E-3 
St. Dev. = .206513 
T = -.126424 
Var. 
8.20334E-2 
9.70438E-2 
Sum of Sq. 
.237897 
.281427 
Var. = 4.26478E-2 
Sum of Sq. = 1.23679 
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OS 
Session 1 Session 2 
-2.20 -2.287 
-1.88 -1.890 
-1.76 -1.820 
-1.70 -1.290 
-1.78 -1.400 
-1.91 -1.960 
-1.36 -1.980 
-1.58 -1.410 
-1.86 -1.640 
-2.02 -2.080 
-2.02 -2.010 
-1.85 -2.120 
-1.79 -1.970 
-1.04 -1.040 
-1.93 -2.060 
NICOLET CS2000 
OD 12.8 
Subject Session 1 Session 2 
6 -2.07 -2.00 
7 -1.81 -1.73 
8 -1.47 -1.51 
9 -1.39 -1.51 
11 -0.79 -1.41 
14 -1.62 -1.72 
18 -1.55 -1.23 
20 -1.77 -1.79 
21 -1.21 -1.08 
25 -1.53 -1.70 
26 -1.67 -1.57 
27 -1.64 -1.71 
28 -1.82 -1.89 
29 -1.24 -1.24 
30 -1.60 -1.61 
Number of Values = 30 
X 
y 
Mean 
-1.55133 
-1.52616 
St. Dev . 
. 254495 
.315298 
c/deg 
Subject 
6 
7 
8 
9 
11 
14 
18 
20 
21 
25 
26 
27 
28 
29 
30 
Correlation Coefficient= .740385 
Results for Differences 
Mean= -2.51667E-2 
St. Dev. = .212977 
T = -.647222 
Var. 
6.47678E-2 
9.94126E-2 
Sum of Sq. 
1.87827 
2.88297 
Var. = 4.53594E-2 
Sum of Sq. = 1.31542 
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OS 
Session 1 Session 2 
-1.88 -2.045 
-1.99 -1.490 
-1.46 -1.490 
-1.26 -1.240 
-1.37 -1.130 
-1.56 -1.670 
-1.66 -1.700 
-1.24 -1.190 
-1.44 -0.960 
-1.73 -1.970 
-1.77 -1.720 
-1.43 -1.680 
-1.54 -1.640 
-1.00 -1.000 
-1.51 -1.680 
NICOLET CS2000 
OD Sum Score 
Subject Session 1 Session 2 
6 -9.63 -10.11 
7 -9.41 -9.27 
8 -7.92 -8.11 
9 -7.54 -7.84 
11 -7.37 -6.28 
14 -8.63 -8.76 
18 -7.94 -8.71 
20 -9.52 -10.24 
21 -8.38 -8.39 
25 -9.58 -9.49 
26 -9.02 -8.78 
27 -9.47 -9.55 
28 -9.19 -8.88 
29 -6.81 -7.10 
30 -8.83 -8.78 
Number of Values = 30 
X 
y 
Mean 
-8.51532 
-8.54332 
St. Dev . 
. 874365 
1. 09774 
Reliability 
Subject 
6 
7 
8 
9 
11 
14 
18 
20 
21 
25 
26 
27 
28 
29 
30 
Correlation Coefficient = .861402 
Results for Differences 
Mean = .028 
St. Dev. = .562097 
T = .27284 
Var. 
.764514 
1.20504 
Var. = .315953 
Sum of Sq. 
22.1709 
34.9463 
Sum of Sq. = 9.16265 
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OS 
Session 1 Session 2 
-9.52 -10.28 
-9.53 -8.75 
-8.01 -8.24 
-7.88 -7.03 
-7.41 -6.38 
-8.49 -8.48 
-7.77 -9.03 
-8.22 -7.81 
-8.67 -7.92 
-9.18 -9.69 
-9.04 -9.36 
-9.02 -9.33 
-8.32 -8.90 
-6.35 -6.32 
-8.81 -8.49 
ARDEN PLATES 
OD Plate 
Subject Session 1 Session 2 
7 13 12.5 
8 15 16 
9 15 15 
11 15 16 
14 15 14 . 5 
18 14 11 
21 15 14 
25 12 11 
26 15 14 
27 12.5 12.5 
28 11 13 
29 17 16 
32 18 16.5 
Number of Values = 26 
X 
y 
Mean 
14.4231 
14.0577 
St. Dev. 
1.85307 
l. 77385 
tf2 
Subject 
7 
8 
9 
11 
14 
18 
21 
25 
26 
27 
28 
29 
32 
Correlation Coefficient= .749795 
Results for Differences 
Mean = . 365385 
St. Dev. = 1.28497 
T = 1,44992 
Var. 
3.43387 
3.14656 
Var. = 1. 65115 
Sum of Sq. 
85.8467 
78.6641 
Sum of Sq. = 41.2788 
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OS 
Session 1 Session 2 
12 13 
15 15 
14 15.5 
17.5 18 
14 15 
15 13 
15 13 
11 12 
14.5 12.5 
12.5 13 
14 13 
16.5 14.5 
16.5 16 
.. 
ARDEN PLATES 
OD Plate #3 
Subject Session 1 Session 2 Subject 
7 9 10 
8 12 11 
9 13 13 
11 14 14 
14 13 12 
18 8 10 
21 11 12 
25 10.5 10 
26 11.5 11.5 
27 9 10 
28 10 12 
29 13 12 
32 12 13 
Number of Values ; 26 
X 
y 
Mean 
11.4231 
11.7115 
St. Dev. 
1.61054 
1.35036 
Correlation Coefficient; .706694 
Results for Differences 
Hean = -.288462 
St. Dev. = 1.15908 
T = -1.269 
Var. 
2.59385 
1.82348 
Var. = 1. 34346 
Sum of Sq. 
64.8462 
45.5869 
Sum of Sq. = 33.5865 
7 
8 
9 
11 
14 
18 
21 
25 
26 
27 
28 
29 
32 
67 
OS 
Session 1 Session 2 
10 10 
12 12 
12 12 
14 15 
13 12 
10 11 
12 10.5 
10 13 
11 12 
10 10 
11 12 
13 11 
13 13.5 
ARDEN PLATES 
OD Plate 
Subject Session 1 Session 2 
7 10 11 
8 13 13 
9 12 11 
11 14.5 13 
14 14 12.5 
18 12 11.5 
21 12 11.5 
25 11.5 11 
26 13.5 13 
27 9.5 11 
28 11.5 13 
29 13 14 
32 13.5 14 
Number of Values = 26 
X 
y 
Mean 
12.3846 
12.3077 
St. Dev. 
1.38064 
1.28901 
:ff4 
Subject 
7 
8 
9 
11 
14 
18 
21 
25 
26 
27 
28 
29 
32 
Correlation Coefficient= .773705 
Results for Differences 
Mean= 7.69231E-2 
St. Dev. = .902134 
T = .434783 
Var. 
1. 90617 
1. 66154 
Var. = .813846 
Sum of Sq. 
47.6543 
41.5386 
Sum of Sq. = 20.3462 
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OS 
Session 1 Session 2 
10 10 
13 12 
12 12.5 
15 14.5 
13 13 
13 14 
13 12 
12 11.5 
13 12.5 
10 9.5 
12 13 
13 12 
13 14 
ARDEN PLATES 
OD Plate 4t5 
Subject Sess i on 1 Session 2 Subject 
7 10 11 
8 12 11 
9 11 10.5 
11 14. 5 12.5 
14 12 12 
18 12 14 
21 12 12 
25 12 10 
26 11 10.5 
27 10 9.4 
28 10 12 
29 12 12 
32 10.5 11 
Number of Values = 26 
X 
y 
Mean 
11.5962 
11.5 
St. Dev. 
l. 30399 
1.42127 
Correlation Coefficient = .625906 
Results for Differences 
Mean= 9.61538E-2 
St. Dev. = 1.18338 
T = .414314 
Var. 
1.70039 
2.02 
Var. = l. 40038 
Sum of Sq. 
42.5098 
50.5 
Sum of Sq. = 35.0096 
7 
8 
9 
11 
14 
18 
21 
25 
26 
27 
28 
29 
32 
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OS 
Session 1 Session 2 
10.5 10 
12 12 
11 10.5 
15 15 
12 12 
12 14 
12 ll. 5 
11 12.5 
12 12 
9 9 
12 12 
11 10.5 
13 10 
ARDEN PLATES 
OD Plate 
Subject Session 1 Session 2 
7 12 11 
8 10 11 
9 1L 5 10 
11 13 15 
14 12 12 
18 13 13 
21 12. 5 12 
25 10 .5 10.5 
26 12 12.5 
27 9 . 5 9 
28 10 14 
29 12 11 
32 11 10.5 
Number of Values = 26 
X 
y 
Mean 
11.6154 
11.75 
St. Dev. 
1.50538 
1.6568 
=IF6 
Subject 
7 
8 
9 
11 
14 
18 
21 
25 
26 
27 
28 
29 
32 
Correlation Coefficient = .541275 
Results for Differences 
Mean= -.134615 
St. Dev. = 1.52025 
T = -.451509 
Var. 
2.26617 
2.745 
Var. = 2.31115 
Sum of Sq. 
56.6543 
68.625 
Sum of Sq. = 57.7788 
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OS 
Session 1 Session 2 
10.5 10 
13 11 
11 11 
15 15 
11 14 
12 13 
14 11.5 
11 12 
12.5 12 
8 9.5 
12 14 
13 11 
10 10 
ARDEN PLATES 
OD Plate 
Subject Session 1 Session 2 
7 10.5 10 
8 12 10 
9 11 11 
11 16 15 
14 11 12 
18 11 12 
21 13 11.5 
25 11 10.5 
26 14 13 
27 12 10 
28 12 11 
29 20 20 
32 9 10 
Number of Values = 26 
X 
y 
Mean 
12.2308 
11.5192 
St. Dev. 
2.53469 
2.33444 
4f7 
Subject 
7 
8 
9 
11 
14 
18 
21 
25 
26 
27 
28 
29 
32 
Correlation Coefficient = .856063 
Results for Differences 
Mean = . 711538 
St. Dev. = 1.3204 
T = 2.74776 
Var. 
6.42463 
5.44963 
Var. = 1. 74346 
Sum of Sq. 
160.616 
136.241 
Sum of Sq. = 43.5865 
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OS 
Session 1 Session 2 
10 10.5 
12 9 
9 . 5 9 
14 14 
11 11 
13 13 
13 13 
11 10.5 
12 11 
9.5 9 
11 11 
18 13 
11.5 9.5 
ARDEN PLATES 
OD Sum Scores 
Subject Session 1 Session 
7 63 64.5 
8 77 72 
9 73 71.5 
11 89 85.5 
14 76 77 
18 69 71.5 
21 77 72.5 
25 68 64.5 
26 77.5 74 
27 61 62.5 
28 66.5 75 
29 88 85 
32 73 74.5 
Number of Values = 26 
X 
y 
Mean 
73.6731 
72.8461 
St. Dev. 
7.93095 
7.0453 
2 Subject 
7 
8 
9 
11 
14 
18 
21 
25 
26 
27 
28 
29 
32 
Correlation Coefficient = .857767 
Results for Differences 
Mean == .826923 
St. Dev. = 4.08397 
T = 1.03245 
Var. 
62.9 
49.6362 
Var. = 16.6788 
Sum of Sq. 
1572.5 
1240.91 
Sum of Sq. = 416.971 
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OS 
Session 1 Session 2 
64.5 64.5 
74 71 
70 69.5 
88.5 91.5 
75 75 
76 78 
77.5 72 
65.5 70 
74.5 72.5 
60.5 59.5 
70 75 
83.5 72 
78 73 .5 
73 
APPENDIX D 
SECTION 2 VALIDITY DATA 
NICOLET CS2000 
Adaptation Demonstration 
Pre Vs. Post Adaptation Trial Scores 
0.8 c/deg 
Subject Trial 1 Trial 2 Trial 3 Trial 4 
1 -1.47 -1.44 -1.71 -1.63 -1.72 -1.80 -1.75 -1.80 
2 -1.61 -1.77 -1.93 -1.85 -1.72 -1.84 -1.67 -1.75 
3 -1.46 -1.28 -1.48 -1.41 -1.62 -1.51 -1.80 -1.58 
4 -1. 27 -.99 -1.27 -.98 -1.25 -1.12 -1.19 -1.08 
5 -1.12 -.89 -1.22 -.97 -1.09 -.99 -1.04 -1.03 
6 - 1.29 -1.57 -1.40 -1.58 -1.50 -1.71 -1.51 -1.67 
7 -1. 48 -1.59 -1.64 -1.61 -1.55 -1.57 -1.81 -1.69 
8 -1.58 -1.38 -1.62 -1.51 -1.52 -1.54 -1.56 -1.48 
9 -1.57 -1.50 -1.45 -1.44 -1.48 -1.41 -1.32 -1.46 
10 -1.38 -1.20 -1. 45 -1 .34 -1.49 -1.37 -1.67 -1.35 
X -1.423 -1.361 -1. 517 -1.432 -1.494 -1.492 -1.532 -1.498 
T 1.21532 2.08 .21 .67 
NS NS NS NS 
1.6 c/deg 
Subj ect Trial 1 Trial 2 Trial 3 Trial 4 
1 -2.07 -1.78 - 2.06 -1.78 -2.14 -1.93 -2.17 -1.85 
2 -1.74 -1.74 -1.96 -1.91 -1.97 -1.86 -2.37 -2.11 
3 -1.27 -1.02 -1.41 -1.04 -1.43 -1.22 -1.44 -1.25 
4 -1.44 -1.14 -1.54 -1.21 -1.44 -1.28 -1.39 -1.21 
5 -1.58 -1.50 -1.89 -1.88 -1.83 -1.93 -1.80 -1.62 
6 -1.47 -1.80 -1. 60 -1. 77 -1.59 -1.81 -1.74 -1.81 
7 -1.68 -1.54 -1.68 -1.52 -1.65 -1.48 -1.12 -1.46 
8 -1.81 -1.54 -1.88 -1.86 -1.93 -1.54 -1.62 -2.08 
9 -1.78 -1.69 -1.84 -1.76 -1.87 -1.73 -1.88 -1.86 
10 -1.59 -1.16 -1.78 -1.49 -1.78 -1.41 -1.81 -1.62 
x -1. 643 -1.491 -1.764 -1.622 -1.713 -1.619 - 1. 7 84 -1. 68 7 
T 2.2609 2.24 2.43621 1.28 
prob. sig. prob. sig. prob. sig. NS 
p .05 p .05 p .05 
74 
3.2 c/deg 
Subject Trial 1 Trial 2 Trial 3 Trial 4 
1 -2.19 -1.96 -2.28 -2.06 -2.39 -2.16 -2.31 -2.18 
2 -2 . 18 -1.77 - 2.16 - 1.84 -2.16 -1.96 -2.14 - 2.29 
3 -2.13 - 1.77 - 2.12 -1.89 - 2.09 - 2.06 - 2.24 -2.16 
4 - 1.43 - 1.22 - 1 . 44 - 1.32 -1.45 -1.55 - 1.51 -1.41 
5 - 1.46 - 1.09 -1.72 -1.24 -1.55 -1.21 -1.63 -1.22 
6 -1.78 -1.73 -2.05 -1.60 -2.02 -1.68 -1.95 -2.71 
7 -1.63 -1.64 -1.63 -1.60 -1.72 -1.81 -1.78 -1.84 
8 -1.76 -1.52 -1.51 -1.43 -1.56 -1.51 -1.64 -1.48 
9 -1.60 -1.46. -1.70 -1.68 -1.68 -1.48 -1.77 -1.48 
10 -2.12 -1.64 -2 . 06 -1.75 -2.19 -1.87 -2.00 -1.83 
X - 1.828 - 1.58 - 1.86 7 -1.651 -1.881 -1.729 -1.897 -1.82 
T 4.94 4.3401 2.84 1.105 
p .001 p . 01 p .01 NS 
6.4 c/deg 
Subject Trial 1 Trial 2 Trial 3 Trial 4 
1 -2.18 -2.09 -2.05 -2.02 -2.09 -2.15 -2.25 -2.15 
2 -2.12 -1.87 -2.25 -2.00 -2.28 -2.03 -2.18 -2.21 
3 -1.35 -1.22 -1.44 - 1.32 -1.41 - 1.45 -1.35 -1.35 
4 -1.40 -1.30 -1.38 - 1.40 -1.41 - 1.35 - 1.41 -1.39 
5 -1.77 -1.70 - 1.88 -1.70 -1.93 -1.83 -1.88 -1.78 
6 -1.59 -1.66 -1.70 -1.79 -1.68 -1.75 -1.77 -1.82 
7 -1.41 -1.50 -1.46 -1.55 -1.37 -1.39 -1.40 -1.40 
8 -1.44 -1.27 -1.32 -1.39 -1.40 -1.33 -1.61 -1.81 
9 -1.88 -1.28 -1.72 ~-1. 59 -1.89 -1.56 -1.96 -1.85 
10 -1.96 -1.90 -1.99 -1.53 -1.93 -1.66 -1.92 -1.91 
x -1.71 -1.579 -1.719 -1.629 -1.739 -1.65 -1.774 -1.767 
T 2.43251 1. 61 1.91 .275 
NS NS 
75 
12.8 c/deg 
Subject Trial 1 Trial 2 Trial 3 Trial 4 
1 -1.01 -1.97 -.99 -.99 -1.14 - 1.20 -1.07 -.99 
2 -1.58 -1.20 . -1.62 -1.57 -1.52 -1.56 -1.56 -1.59 
3 -1.68 -1.47 -1.78 -1.62 -1.88 -1.75 -1.81 -1.62 
4 --1. 64 -1.76 -1.91 -1.94 -1.80 -1.75 -1.78 -1.71 
5 -1.60 -1.42 -1.60 -1.48 -1.66 -1.71 -1.73 -1.64 
6 -1.13 -1.13 -1.07 -1.16 -.99 -1.11 -1.05 -1.16 
7 -. 79 -1.04 -.89 -.89 -.82 -.91 -.81 -.87 
8 -1.15 -1.06 -1.02 - 1.21 -1.03 -1.11 -1. 25 -1.07 
9 -1.21 -1.45 -1.24 -1.18 -1.28 -1.54 -1.39 -1.30 
10 -1.62 -1.22 -1.62 -1.40 -1.55 -1.45 -1.53 -1.49 
x -1.341 -1.272 -1.374 -1.339 -1.337 -1.469 -1.398 -1.344 
T 2.45 .78 -2.23 1. 755 
NS NS NS 
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APPENDIX E 
SECTION 3 SUBJECT DATA 
NICOLET CS2000 
0 . 8 c/deg 
OD OS 
Subj Pre Post Diff Subj Pre Post Diff 
1 -1.63 -1.23 +0.40 1 -1.65 -1.82 -0.17 
2 -1. 62 -1.58 +0.04 2 -1.46 -1.32 +0.14 
3 -1.39 -1.42 -0. 03 3 -1.54 -1.50 +0.04 
4 -1.36 -1.56 -0.20 4 -1.63 -1.80 -0.17 
5 -1.52 -1.44 +0.08 5 -1.89 -1.40 +0.49 
6 -1.66 -1.51 +0.15 6 -1.71 -1.75 -0.04 
8 -1.36 -1.37 -0. 01 8 -1.48 -1.50 -0.02 
9 -1.46 -1.34 +0.12 9 -L39 -1.30 +0.09 
10 -1. 29 -1.57 -0.28 10 -1.48 -1.59 -0.09 
11 -1.27 -0.99 +0.28 11 -1.12 -0.89 +0.23 
12 -1.73 -1.64 +0.09 12 -1.84 -1.63 +0.21 
13 -1.40 -1.310 +0.09 13 -1.54 -1.460 +0.08 
14 -1.36 -1.20 +0.16 14 -1.26 -1.28 -0.02 
15 -1.32 -1.30 +0.02 15 -1.47 -1.54 -0.07 
16 -1.97 -1.74 +0.23 16 -1.84 -1.52 +0.32 
17 -1.46 -1.46 0.00 17 -1.31 -1.53 -0.22 
18 -1.44 -1.49 - 0 . 05 18 -1.59 - 1.74 -0.20 
19 -1.10 -1. 01 +0.09 19 -0.96 -1.01 -0.05 
20 -1.98 -1.62 +0.36 20 -1.48 -1.59 -0.11 
21 -1.74 -1.47 +0.27 21 -1.50 -1.62 -0.12 
22 -1.59 -1.56 +0.03 22 -1.67 -1.70 -0.03 
23 -1.81 -1.80 +0.01 23 -1.84 -2.00 -0.16 
24 -1.25 -1.10 +0.15 24 -1.313 -1.340 -0.027 
25 -1.88 -1.44 +0.44 25 -1.85 -1.43 +0.42 
27 -1.47 -1.440 +0.03 27 -1.61 -1.77 -0.16 
28 -1.21 -1.31 -0.10 28 -1.42 -1.35 +0.07 
29 -1. 30 -1.12 +0.18 29 -1.34 -1.24 +0.10 
30 -1.47 -1.52 -0.05 30 -1.56 -1.98 -0.42 
31 -1.33 -1.41 -0.08 31 -1.29 -1.50 -0.21 
32 -1.13 -1.45 -0.32 32 -1.10 -1.51 -0.41 
Data for Tape Labeled: 0.8 c/deg Pre Adapt. N = 60 
Number of Values = 60 M = 2. 72165E-2 
Mean of Sample = -1.49371 s = .199146 
Standard Deviation = .231701 v = .039659 
Data for Tape Labeled: 0.8 c/deg Post-Adapt. ss = 2.33988 
Number of Values = 60 T = 1. 05861 
Mean of Sample = -1.46683 Maximum Value = -.89 
Standard Deviation = .229551 Minimum Value = -2 
Std. Error of Mean = 2.96349E-2 Range of Values = 1.11 
Std. Error of St. Dev. = .020955 Mode of Sample = 1.44 
77 
NICOLET CS2000 
1.6 c/deg 
OD OS 
Subj Pre Post Diff Subj Pre Post Diff 
1 - 2.08 - 1 . 94 +0.14 1 -2.00 -1.96 +0.04 
2 -1.92 - 1.82 +0.10 2 -1.91 -1.77 +0.14 
3 - 1.81 -1.69 +0.12 3 -1.84 -1.72 +0.12 
4 -1.93 -1.94 -0.01 4 -2.03 -1.94 +0.09 
5 -2.09 -1.56 +0.53 5 -1.80 -1.66 +0.14 
6 -2.01 -1.90 +0.11 6 -2.03 -2.05 -0.02 
8 -1.57 -1.46 +0.11 8 -1.67 -1.52 +0.15 
9 -1.55 -1.55 0.00 9 -1.64 -1.68 -0.04 
10 -1.58 -1.50 +0.08 10 -1.81 -1.54 +0.27 
11 -1.44 -1.14 +0.30 11 -1.27 -1.020 +0.25 
12 -2.04 -2.06 -0.02 12 -2.07 -1.89 +0.18 
13 -1.94 -1.54 +0.40 13 -1.74 -1.760 -0.02 
14 - 1.78 - 1.69 +0.09 14 -1.59 -1.16 +0.43 
15 -1.79 -1. 64 +0.15 15 -1.52 -1.83 -0.31 
16 -1.96 - 1.83 +0.13 16 -1.97 - 1.99 -0.02 
17 - 1.87 -1.65 - 0.22 17 -1.86 - 1.71 +0.15 
18 - 2 . 00 -1.53 +0.47 18 -1.74 -1.82 -0.08 
19 -1.43 -1.35 +0.08 19 -1.15 -1.08 +0.07 
20 -2.17 -1.77 +0.41 20 -1.83 -1.62 +0.21 
21 -1.87 -1 . 64 +0.23 21 -1.78 -1.68 +0.10, 
22 -1.81 -1.73 +0.08 22 -1.84 -1.65 +0.19 
23 -1.92 -1.91 +0.01 23 -1.88 -2.06 -0.18 
24 -1.64 -1.41 +0.23 24 -1.615 -1.440 +0.175 
25 -1.90 -1.72 +0.18 25 -1.79 -1.90 -0.11 
27 -2.07 - 1.78 +0.29 27 -1.74 -1.74 0.00 
28 -1.68 -1.62 +0.06 28 -1.84 -1.67 +0.17 
29 -1.592 -1.36 +0.232 29 -1.61 -1.41 +0.20 
30 -2.15 -1.76 +0.39 30 -1.85 -1.75 +0.10 
31 -1.55 -1.57 -0.02 31 -1.75 -1.71 +0.04 
32 -1.82 -1.94 -0.12 32 -1.80 -1.71 +0.09 
Data for Tape Labeled: 1.6 c/deg Data for Tape Labeled: 1. 6 c/deg 
Pre Adapt. o.u. Post Adapt. o.u. 
Number of Values = 60 Number of Values = 60 
Mean of Sample= -1.79878 Mean of Sample = -1.674 
Standard Deviation = . 208111 Standard Deviation = . 232871 
Std. Error of Mean = . 026867 Std . Error of Mean = 3 . 00635E-2 
Std. Error of St. Dev. = Std. Error of St. Dev. = 
1.89978E- 2 2.12581E-2 
Maximum Value= -1 . 15 Maximum Value = -1.02 
Minimum Value= -2.17 Minimum Value = -2.06 
Range of Values = 1.02 Range of Values = 1.04 
Mode of Sample = -1.81 Mode of Sample = -1.94 
N = 60 v = 2.61953E-2 
M = .117616 ss = 1.54552 
s = .16185 T = 5.629 
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NICOLET CS2000 
3.2 c/deg 
OD 
1 
2 
3 
4 
5 
6 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
27 
28 
29 
30 
31 
32 
Pre 
-2.13 
-1.96 
-1.79 
-2.06 
-2.01 
-2.06 
-1.82 
-1.77 
-1.78 
-1.43 
-2.31 
-2.11 
-2.12 
-1.95 
-2.50 
-2.08 
-1.89 
-1.63 
-2.12 
-1.93 
-2.017 
-2.15 
-1.81 
-2.13 
-2.19 
-2.13 
-1.577 
-2.09 
-1.93 
-2.21 
Post 
-1.82 
-2.04 
-1.86 
-1.97 
-1.77 
-1.98 
-1.74 
-1.66 
-1.73 
-1.22 
-2.19 
-1.790 
-1.64 
-1.84 
-1.88 
-1.97 
-1.75 
-1.35 
-1.78 
-1.76 
-2.00 
-2.30 
-1.44 
-1.89 
-1.96 
-1.89 
-1.15 
-1.68 
-1.72 
-1.82 
Diff 
+0.31 
-0.08 
-0.07 
+0.09 
+0.24 
+0.08 
+0.08 
+0.11 
+0.05 
+0.21 
+0.12 
+0.32 
+0.48 
+0 . 11 
+0.62 
+0.11 
+0.14 
+0. 28 
+0.34 
+0.17 
+0.017 
-0.15 
+0.37 
+0.24 
+0.23 
+0.24 
+0.427 
+0.41 
+0.21 
+0.39 
Data for Tape Labeled: 3.2 c/deg 
Pre Adapt. 0. U. 
Number of Values = 60 
Mean of Sample = -1.96245 
Standard Deviation= -.239157 
Std. Error of Mean = 3.08751E-2 
Std. Error of St. Dev. 
. 021832 
Maximum Value= -1.33 
Minimum Value = -2.5 
Range of Values = -1.17 
Mode of Sample = -2.13 
N = 60 
M = .19545 
s = .165916 
1 
2 
3 
4 
5 
6 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
27 
28 
29 
30 
31 
32 
Pre 
-2.04 
-1.96 
-2.03 
-2.01 
-2.11 
-2.205 
-1.78 
-1.47 
-1.60 
-1.46 
-2.21 
-2.14 
-2.00 
-1.75 
-2.25 
-2.22 
-2.02 
-1.43 
-1.90 
-2.04 
-2.215 
-2.12 
-1.833 
-2.00 
-2.18 
-2.03 
-1.33 
-1.91 
-1.97 
-1.85 
Post 
-1.91 
-1.84 
-1.910 
-1.95 
-1.72 
-1.98 
-1.65 
-1 . 64 
-1.46 
-1.09 
-2.10 
-1.830 
-1.63 
-1.72 
-1.78 
-2.07 
-1.82 
-1.29 
-2.05 
-1.59 
-1.87 
-1.94 
-1.560 
-1.85 
-1.77 
-1.75 
-1.10 
-1.76 
-1.960 
-1.84 
OS 
Diff 
+0.13 
+0.12 
+0.12 
+0.06 
+0.39 
+0.225 
+0.13 
-0.17 
+0.14 
+0.37 
+0.11 
+0.31 
+0.37 
+0.03 
+0.47 
+0.15 
+0.20 
+0.14 
-0.15 
+0.45 
+0.345 
+0.18 
+0.273 
+0.15 
+0.41 
+0.28 
+0.23 
+0.15 
+0.01 
+0.01 
Data for Tape Labeled: 3.2 c/deg 
Post Adapt. O.U. 
Number of Values = 60 
Mean of Sample= -1.767 
Standard Deviation = .249697 
Std. Error of Mean = 3.22357E-2 
Std. Error of St. Dev . 
-2.27941E-2 
Maximum Value = 
Minimum Value 
Range of Values 
Mode of Sample = 
V 2.75281E-2 
ss = 1.62416 
T 9.12478 
-1.09 
-2.3 
= -1.21 
-1.82 
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NICOLET CS2000 
6.4 c/deg 
OD OS 
Subj Pre Post Diff Subj Pre Post Diff 
1 -2.15 -2.02 0.13 1 -1.820 -1.760 0.060 
2 -1.98 -2.07 -0.09 2 -1.840 -1.690 0.150 
3 -1.64 -1.77 -0.13 3 -2.210 -1.900 0.310 
4 -2.30 -2.19 0.11 4 -2.110 -2.170 -0.060 
5 -1.92 -1.56 0.36 5 -1.910 -1.620 0.290 
6 -2.31 -2.25 0.06 6 -2.287 -2.250 0.037 
8 -1.89 -1.88 0.01 8 -1.820 -1.750 0.070 
9 -1.67 -1.42 0.25 9 -1.290 -1.590 -0.300 
10 -1.77 -1.70 0.07 10 -1.440 .,.-1.270 0.170 
11 -1.35 -1.22 0.13 11 -1.400 -1.300 0.100 
12 -2.07 -2.21 -0.14 12 -2.420 -2.200 0.220 
13 -2.02 -1.95 0.07 13 -2.040 -2.020 0.020 
14 -1.88 -1.28 0 . 60 14 -1.960 -1.400 0.560 
15 -1.71 -1.80 -0.09 15 -1.690 -1.570 0.120 
16 -2.18 -2.00 0.18 16 -2.210 -1.940 0.270 
17 -2.11 -1.79 0.32 17 -2.100 -1.830 0.270 
18 -1.83 -1.78 0.05 18 -1.980 -1.720 0.260 
19 -1.59 -1.50 0.09 19 -1.460 -1.430 0.030 
20 -2.20 -1.98 0.22 20 -1.410 -1.190 0.220 
21 -1.64 -1.38 0.26 21 -1.640 -1.450 0.190 
22 -1.87 -1.90 -0.03 22 -2.065 -1.950 0.115 
23 -2.23 -2.15 0.08 23 -2.200 -2.150 0.050 
24 -1.66 -1.63 0.03 24 -1.787 -1.570 0.217 
25 -2.05 -2.02 0.03 25 -2.080 -2.040 0.040 
27 -2.18 -2.09 0.09 27 -2.120 -1.870 0.250 
28 -2.04 -2.05 -0.01 28 -1.970 -1.950 0.020 
29 -1.39 -1.10 0.29 29 -1.040 -1.000 0.040 
30 -1.67 -1.59 0.08 30 -1.870 -1.710 0.160 
31 -1.81 -1.82 -0.01 31 -1.930 -1.890 0.040 
32 -2.02 -2.17 -0.15 32 -2.060 -1.860 0.200 
Data for Tape Labeled: 6.4 c/deg Pre Adapt. o.u. N = 60 
Number of Values = 60 M = .116316 
Mean of Sample = -1.88814 s = .157362 
Standard Deviation = .291641 v = 2.47628E-2 
Std. Error of Mean= 3.76507E-2 ss = 1.461 
Std. Error of St. Dev.· = 2.66231E-2 T ::: 5. 72555 
Maximum Value= -1.04 
Minimum Value = -2.42 
Range of Values = 1.38 
Mode of Sample = -1.64 
80 
NICOLET CS2000 
12.8 c/deg 
OD OS 
Subj Pre Post Diff Subj Pre Post Diff 
1 -1.58 -1 . 730 -0.15 1 -1.630 -1.410 0.220 
2 - 1.52 -1.770 -0.25 2 -1.370 -1.220 0.150 
3 -1.46 -1.440 0.02 3 -1. 650 -1.650 0.000 
4 -1.75 -1.580 0.17 4 -1.970 - 1.810 0.160 
5 -1.42 -1.350 0.07 5 -1.830 -1.660 0.170 
6 -2.07 -1.980 0.09 6 -2.045 -1.980 0.065 
8 -1.47 -1 . 480 -0.01 8 -1.490 -1.480 -0.010 
9 - 1.39 -1.300 0.09 9 -1.240 -1.310 -0.070 
10 -1.21 -1.450 -0.24 10 - 1.150 -1.060 0.090 
11 -0.79 -1.040 -0.25 11 -1.130 -1.130 0.000 
12 -1.67 -1.510 0.16 12 -1.960 -1.7 30 0.230 
13 -1.78 -1.650 0.13 13 -1. 7 so -1.750 0.000 
14 -1.62 -1.220 0.40 14 -1.670 -1.270 0.400 
15 -1.61 -1.650 - 0.04 15 -1.400 "-L200 0.200 
16 -1.61 -1.610 0.00 16 -1.630 -1.620 0.010 
17 -1.66 -1.620 0.04 17 -1. 720 -1.420 0.300 
18 -1.55 -1.620 -0.07 18 -1.700 -1.660 0.040 
19 - 1.37 -1.320 0.05 19 -1.340 -1.170 0.170 
20 -1.77 -1.760 0.01 20 -1.190 -1. 180 0.010 
21 -1.21 -0.850 0.36 21 -0.960 -1.050 - 0.090 
22 -1.63 -1. 650 -0.02 22 -1.520 -1.530 -0.010 
23 -1.98 -1.990 -0.01 23 -1.850 -1.760 0.090 
24 -1.33 -1.260 0.07 24 -1.582 -1.290 0.292 
25 -1.53 -1.560 -0.03 25 -1.970 -1.740 0.230 
27 -1.64 -1.760 -0.12 27 -1.680 -1.470 0.210 
28 -1.82 -1.720 0.10 28 -1.640 -1.610 0.030 
29 -1.24 -1. 120 0.12 29 -1.000 -1.010 -0.010 
30 -1.31 -1.330 -0.02 30 -1.110 -1.160 -0.050 
31 -1.47 -1.670 -0.20 31 -1.690 -1.610 0.080 
32 -1.60 -1.710 -0.11 32 -1.680 -1.840 -0.160 
Data for Tape Labeled: 12.8 c/deg Data for Tape Labeled: 12/8 c/deg 
Pre Adapt. Post Adapt. 
Number of Values = 60 Number of Values = 60 
Mean of Sample= -1.54341 Mean of Sample= -1.49133 
Standard Deviation = .275155 Standard Deviation= 2.67609 
Std. Error of Mean = 3.55224E-2 Std. Error of Mean = 3.45481E-2 
Std. Error of St. Dev. = Std. Error of St. Dev. = 
2.51181E-2 2.44292E-2 
Maximum Value= -.79 Maximum Value = -.85 
Minimum Value = -2.07 Minimum Value = - 1.99 
Range of Values = 1.28 Range of Values = 1.14 
Mode of Sample= -1.63 Mode of Sample = -1.65 
N = 60 v ::: 2.17862E-2 
M = 5 .16999E-2 ss = 1.28539 
s = .147602 T = 2. 71315 
ARDEN SCORES - Plate 2 
Pre Post Diff 
1 
2 
3 
4 
5 
6 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
28 
29 
30 
31 
32 
14.0 
12.0 
12.0 
14.0 
16.5 
11.0 
15.0 
15.0 
15.0 
15.0 
9.0 
13.0 
15.0 
12.0 
15.0 
15.0 
14.0 
15.0 
10.0 
15.0 
14.0 
10.0 
13.5 
12.0 
12.5 
11.0 
17.0 
7.0 
14.5 
18.0 
15.0 
14.5 
13.0 
10.0 
18.0 
13.0 
16.0 
16.0 
16.0 
18.5 
11.5 
15.0 
17-.0 
15.0 
16.5 
16.0 
19.0 
16.0 
13.0 
17.0 
13.0 
11.0 
16.5 
14.0 
12.0 
15.0 
15.0 
11.5 
17.0 
14.0 
1.0 
2.5 
1.0 
-4.0 
1.5 
2.0 
1.0 
1.0 
1.0 
3.5 
2.5 
2 . 0 
2.0 
3.0 
1.5 
1.0 
5.0 
1.0 
3.0 
2.0 
-1.0 
1.0 
3.0 
2.0 
-0.5 
4.0 
-2.0 
4.5 
2.5 
-4.0 
Data for Tape Labeled: Arden Plate 
2 O.U. Pre Values 
Number of Values = 60 
Mean of Sample= 13.7833 
Standard Deviation = 2.33682 
Std. Error of Mean = .301682 
Std. Error of S.D. = .213322 
Maximum Value = 18 
Minimum Value = 7 
Range of Values = 11 
Mode of Sample = 15 
Sanvar 
Between treatments 472.152 
Within treatments 1154.79 
Treatment 177.031 
Residual 977.761 
Total 1626.94 
1 
2 
3 
4 
5 
6 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
28 
29 
30 
31 
32 
Pre 
14.0 
11.5 
14.0 
17.0 
16.0 
13.0 
15.0 
14.0 
16.0 
17.5 
ll.5 
15.0 
14.0 
12.5 
17.5 
14.0 
15.0 
15.0 
12.0 
15.0 
14.0 
10.0 
15.0 
11.0 
12.5 
14.0 
16.5 
9.0 
17.0 
16.5 
Post 
17.0 
13.0 
15.0 
17.0 
17.0 
13.0 
16.0 
13.0 
17.0 
20.0 
13.0 
16.0 
15.0 
16.0 
16.5 
11.0 
15.5 
15.0 
15.5 
15.5 
16.0 
11.0 
15.0 
13.0 
14.0 
15.0 
19.0 
9.0 
15.0 
20.0 
Diff 
3.0 
1.5 
1.0 
0.0 
1.0 
0.0 
1.0 
-1.0 
1.0 
2.5 
1.5 
1.0 
1.0 
3.5 
-1.0 
-3.0 
0.5 
0.0 
3.5 
0.5 
2.0 
1.0 
0.0 
2.0 
1.5 
1.0 
2.5 
0.0 
-2.0 
3.5 
81 
Data for Tape Labeled: Arden Plate 
2 O.U. Post Values 
Number of Values = 60 
Mean of Sample ~ 14.9833 
Standard Deviation = 2.36315 
Std. Error of Mean = .305081 
Std. Error of S.D. = .215725 
Maximum Value = 20 
Minimum Value = 9 
Range of Values = 11 
Mode of Sample = 15 
t-test 
N = 60 
M = 1.2 
s = 1.837 
v = 3.37458 
ss = 199.1 
T = 5.05996 
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ARDEN SCORES -- Plate 3 
Subj Pre Post Diff Subj Pre Post Diff 
1 11.0 12.0 1.0 1 11.0 u.o 2.0 
2 9.5 11.0 1.5 2 9.0 10.0 1.0 
3 10.0 13.0 3.0 3 11.0 12.0 1.0 
4 13.5 13.0 -0.5 4 12.0 13.0 1.0 
5 12.0 14.0 2.0 5 12.0 14.5 2.5 
6 11.0 11.0 0.0 6 9.0 12.0 3.0 
8 12.0 13.0 1.0 8 12.0 14.0 2.0 
9 13.0 14.5 1.5 9 12.0 12.5 0.5 
10 13.0 14.0 1.0 10 14.0 14.0 0.0 
11 14.0 15.5 1.5 11 14.0 16.0 2.0 
12 10.0 8.0 -2.0 12 9.0 11.0 2.0 
13 11.0 13.5 2.5 13 14.0 15.0 1.0 
14 13.0 14.0 1.0 14 13.0 14.0 1.0 
15 9.0 13.0 4.0 15 9.0 13.0 4.0 
16 12.0 15.0 3.0 16 13.0 14.5 1.5 
17 12.0 15.5 3.5 17 12.0 11.5 -0.5 
18 8.0 16.0 8 . 0 18 10.0 16.0 6.0 
19 10.0 14.0 4.0 19 13.0 14.0 1.0 
20 . 8.0 12.0 4.0 20 11.0 11.5 0.5 
21 11.0 14.0 3.0 21 12.0 13.5 1.5 
22 11.0 15.0 4,0 22 12.0 16.5 4.5 
23 9.5 9.0 -0.5 23 9.0 12.0 3.0 
24 11.0 14.0 3.0 24 11.0 12.0 1.0 
25 10.5 13.0 2.5 25 10.0 12.0 2.0 
27 9.0 11.0 2.0 27 10.0 11.0 1.0 
28 io.o 14.0 4.0 28 11.0 13.0 2.0 
29 13.0 16.0 3.0 29 13.0 16.0 3.0 
30 9.0 12.0 3.0 30 9.0 10.5 1.5 
31 12.0 13.5 1.5 31 13.5 12.5 -1.0 
32 12.0 16.0 4.0 32 13.0 14.5 1.5 
Pre Values Post Values 
Data for Tape Labeled: Pl 3 Data for Tape Labeled: Pl 3 O.U. 
Number of Values = 60 Number of Values = 60 
Mean of Sample = 13.2417 Mean of Sample = 11.225 
Standard Deviation= 1.82843 Standard Deviation = 1.64787 
Std. Error of Mean = .236049 Std. Error of Mean = .212739 
Std. Error of S.D. = .166912 Std. Error of S.D. = .150429 
Maximum Value = 16.5 Maximum Value = 14 
Minimum Value = 8 Minimum Value = 8 
Range of Values = 8.5 Range of Values = 6 
Mode of Sample = 14 Mode of Sample = 12 
t-test 
N = 60 v = 2.854,8 
M= 2.03333 ss = 168.433 
s = 1.68962 T = 9.32172 
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ARDEN SCORES ·· Platt 4 
Subj Pre Post Diff Subj Pre Post Diff 
1 12.0 15.5 3.5 1 12.0 14.5 2.5 
2 10.0 13.5 3.5 2 11.0 11.5 0.5 
3 10.0 17.0 7.0 3 12.0 13.0 1.0 
4 14.0 16.0 2.0 4 14.0 14.0 0.0 
5 12.0 15.0 3.0 5 13.0 14.5 1.5 
6 10.0 12.0 2.0 6 11.0 13.0 2.0 
8 13.0 14.0 1.0 8 13.0 13.0 0.0 
9 12.0 ll. 5 -0.5 9 12.0 ll.S -0.5 
10 15.0 18.0 3.0 10 14.0 16.0 2.0 
11 14.5 17.5 3.0 11 15.0 20.0 5.0 
12 10.0 10.5 0.5 12 10.0 8.0 -2.0 
13 9.0 16.0 7.0 13 13.5 19.0 5.5 
14 14.0 17.0 3.0 14 13.0 16.0 3.0 
15 12.0 14.5 2.5 15 13.0 15.0 2.0 
16 15.0 16.5 1.5 16 14.0 16.5 2.5 
17 14.0 15.5 1.5 17 11.5 15.0 4.5 
18 12.0 17.5 5.5 18 13.0 17.0 4.0 
19 12.0 13 . 0 1.0 19 13.0 15.0 2.0 
20 10.0 14.0 4.0 20 10.0 13.0 3.0 
21 12.0 13.0 1.0 21 13.0 14.0 1.0 
22 13.0 16.0 3.0 22 12.0 15.5 3.5 
23 9.0 9.0 0.0 23 10.0 13.0 3.0 
24 12.5 14.0 1.5 24 13.0 15.0 2.0 
25 11.5 13.0 2.5 25 12.0 14.0 2.0 
27 9.5 11.5 2.0 27 10.0 14.0 3.0 
28 11.5 14.5 3.0 28 12.0 12.5 0.5 
29 13.0 15.5 2.5 29 13.0 15.0 2.0 
30 9.0 10.5 1.5 30 10.0 10.5 0.5 
31 13.0 15.0 2.0 31 13.0 14.0 1.0 
32 13.5 13.5 0.0 32 13.0 15.0 2.0 
Pre Values Post Values 
Data for Tape Labeled: Pl 4 o.u. Data for Tape Labeled: Pl 4 O.U. 
Number of Values ~ 60 Number of Values = 60 
Mean of Sample= 12.1167 Mean of Sample = 14.3 
Standard Deviation= 1.60605 Standard Deviation = 2.29628 
Std. Error of Mean ~ .20734 Std. Error of Mean = .296449 
Std. Error of S.D. ~ .146611 Std. Error of S.D. = .209621 
Maximum Value = 15 Maximum Value = 20 
Hinimum Value = 9 Minimum Value = 8 
Range of Values = 6 Range of Values = 12 
Mode of Sample = 13 Mode of Sample = 15 
t-test 
N = 60 v = 2.96085 
M = 2.2 ss = 174.1 
s = 1. 7178 T = 9. 9203 
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ARDEN SCORES ·· Plate 5 
Subj Pre Post Diff Subj Pre Post Diff 
1 17.0 11.5 5.5 1 12.0 15.0 3.0 
2 13.0 10.0 3.0 2 10.0 11.5 1.5 
3 14.0 9.0 s.o 3 11.0 13.0 2.0 
4 14.0 13 . 0 1.0 4 11.0 14.0 3.0 
5 14.0 11.0 3.0 5 11.5 15.5 4.0 
6 14.0 12 .0 2.0 6 10.0 12.0 2.0 
8 14.0 12.0 2.0 8 12.0 15.0 3.0 
9 11.0 11.0 1.0 9 11.0 14.0 3.0 
10 15,0 14 .0 1.0 10 15.0 15.0 0.0 
11 17.5 14.5 3.0 11 15.0 17.0 2.0 
12 10.5 9.0 1.5 12 8.5 10.0 1.5 
13 15.0 11.5 3.5 13 12.5 18.0 5.5 
14 17.0 12.0 5.0 14 12.0 16.0 4.0 
15 11.0 11.0 0.0 15 10.0 15.0 5.0 
16 15.5 11.5 4.0 16 12.5 12.5 0.0 
17 14.0 12 . 0 2.0 17 12.0 14.5 2.5 
18 16.0 12.0 4 . 0 18 12.0 17.0 5.0 
19 12.0 11.0 1.0 19 15.0 13.0 -2.0 
20 13.0 9 . 5 3.5 20 10 . 0 14.0 4.0 
21 13.0 12.0 1.0 21 12.0 13.0 1.0 
22 17.0 11.0 6.0 22 12.0 17.0 5.0 
23 13.0 10.5 2.5 23 9.5 13.0 3.5 
24 14.5 13 . 0 1.5 24 13.0 14 .o 1.0 
25 13.0 12.0 1.0 25 11.0 11.5 0.5 
27 13.0 12.0 1.0 27 9.0 14.0 5.0 
28 14.5 10.0 4.5 28 12.0 14.5 2.5 
29 16 . 0 12.0 4.0 29 11.0 15.0 4.0 
30 10.5 11.0 - 0.5 30 9.0 11.0 2.0 
31 16.0 12.0 4.0 31 13.0 15.0 2.0 
32 17.5 10.5 7.0 32 13.0 15.0 2.0 
Pre Values Post Values 
Data for Tape Labeled: Pl 5 o.u. Data for Tape Labeled: Pl 5 O.U. 
Number of Values = 60 Number of Values = 60 
Mean of Sample = 11.4833 Mean of Sample = 14.125 
Standard Deviation= 1.49566 Standard Deviation = 2.01399 
Std. Error of Mean = .193089 Std. Error of Mean = .260005 
Std. Error of S.D. = 1.36535 Std. Error of S.D. = .183851 
Maximum Value = 15 Maximum Value = 18 
Minimum Value = 8.5 Minimum Value = 10 
Range of Values = 6.5 Range of Values = 8 
Mode of Sample = 12 Mode of Sample = 14 
t-test 
N = 60 v = 3.31773 
M = 2.65833 ss = 195.746 
s = 1.82146 T = 11.3048 
ARDEN SCORES - Plate 6 
Subj Pre 
1 14.0 
2 13.0 
3 10.0 
4 13.0 
5 13.0 
6 12.0 
8 13.0 
9 11.0 
10 14.0 
11 15.0 
12 10.0 
13 13.5 
14 11.0 
15 12.0 
16 12.0 
17 11.0 
18 12.0 
19 14.0 
20 9.5 
21 14.0 
22 11.0 
23 7.0 
24 14.0 
25 11.0 
27 8.0 
28 12.0 
29 13.0 
30 11.0 
31 12.5 
32 10.0 
Pre Values 
Post 
20.0 
12 . 0 
14.0 
15.5 
15.0 
15.0 
13.0 
11.0 
18.0 
18.0 
10.5 
14.0 
16.0 
15.5 
17.0 
11.5 
20.0 
17.0 
15.5 
16.5 
16.0 
11.0 
16.0 
10.5 
15.5 
17.0 
15.0 
9.0 
15.0 
16.5 
Diff 
6.0 
-1.0 
4.0 
2.5 
2.0 
3 . 0 
0.0 
0.0 
4.0 
3.0 
1.5 
0.5 
5.0 
3.5 
5.0 
0 . 5 
8.0 
3.0 
6.0 
2.5 
5.0 
4.0 
2.0 
-0.5 
7.5 
5.0 
2.0 
- 2.0 
3.5 
6.5 
Data for Tape Labeled: P1 6 O.U. 
Number of Values = 60 
Mean of Sample= 11.7167 
Standard Deviation= 1.79776 
Std. Error of Mean = .232089 
Std. Error of S.D. = .164112 
Maximum Value = 15 
Minimum Value = 7 
Range of Values = 8 
Mode of Sample = 13 
t-test 
N - 60 
M = 3.53333 
s = 2.38439 
Subj Pre 
1 12.0 
2 13.0 
3 9.0 
4 12.0 
5 14.0 
6 10.0 
8 10.0 
9 11.5 
10 15.0 
11 13.0 
12 9.0 
13 12.0 
14 12.0 
15 13.0 
16 11.5 
17 11.5 
18 13.0 
19 14.0 
20 11.5 
21 12.5 
22 11.0 
23 7.0 
24 13.0 
25 10.5 
27 9.5 
28 10.0 
29 12.0 
30 10.0 
31 13.0 
32 11.0 
Post Values 
Post 
20.0 
14.0 
14.0 
15.0 
16.5 
16.0 
12.0 
11.0 
17.0 
19.0 
10.5 
16.0 
16.0 
16.0 
15.5 
16.5 
16.0 
18.0 
15.5 
19.0 
15.0 
10.5 
20.0 
11.0 
17.0 
17.0 
17.0 
11.0 
17.5 
17.0 
Diff 
8.0 
1.0 
5.0 
3.0 
2.5 
6.0 
2.0 
-0.5 
2.0 
6.0 
1.5 
4.0 
4.0 
3.0 
4.0 
5.0 
3.0 
4.0 
4.0 
6.5 
4.0 
3.5 
7.0 
0.5 
7.5 
7.0 
5.0 
1.0 
4.5 
6.0 
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Data for Tape Labeled: Pl 6 O.U. 
Number of Values = 60 
Mean of Sample = 15.2167 
Standard Deviation= 2.75614 
Std. Error of Mean= .355817 
Std. Error of S.D. = .2516 
Maximum Value = 20 
Minimum Value = 9 
Range of Values = 11 
Mode of Sample = 16 
v = .568531 
ss = 335.433 
T = 11.4784 
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ARDEN SCORES ··· Plate 7 
Subj Pre Post Diff Subj Pre Post Diff 
1 15.0 20.0 5.0 1 12.0 17.0 5.0 
2 13.0 12.0 -1.0 2 12.0 13.0 1.0 
3 10.0 9.0 -1.0 3 8.0 10.0 2.0 
4 12.0 13.0 1.0 4 13.0 13.0 0.0 
5 10.0 20.0 10.0 5 14.0 16.0 2.0 
6 11.0 15.0 4.0 6 11.0 11.0 0.0 
8 12.0 11.0 -1.0 8 12.0 13.0 1.0 
9 11.0 9.0 -2.0 9 9.5 12.0 2.5 
10 15.0 19.0 4.0 10 12.0 16.0 4.0 
11 16.0 14.0 -2.0 11 14.0 16.0 2.0 
12 9.5 10.0 0.5 12 9.5 10.0 0.5 
13 12.0 17.0 5.0 13 12.0 15.0 3.0 
14 11.0 14.0 3.0 14 11.0 15.0 4.0 
15 11.0 12.0 1.0 15 14.0 15.0 1.0 
16 11.0 12.0 1.0 16 10.5 12.5 2.0 
17 9.0 9.0 0.0 17 10.5 13.0 2.5 
18 11.0 20.0 9.0 18 13.0 16.0 3.0 
19 11.0 14.0 3.0 19 11.0 14.0 3.0 
20 10.0 16.0 6.0 20 11.5 17.0 5.5 
21 13.0 14.0 1.0 21 13.0 14.0 1.0 
22 13.0 14.0 1.0 22 13.0 17.0 3.0 
23 7.0 12.0 5.0 23 7.0 11.0 4.0 
24 13.0 16.0 3.0 24 13.0 18.0 5.0 
25 11.0 11 . 5 0.5 25 11.0 14.0 3.0 
27 12.0 15.0 3.0 27 9.5 12.0 2.5 
28 12.0 13.5 1.5 28 11.0 14.0 3.0 
29 20.0 15.0 -5.0 29 18.0 16.5 -1.5 
30 10.0 11.0 1.0 30 11.0 12.0 1.0 
31 8.0 10.0 2.0 31 8.0 11.0 3.0 
32 9.0 14.0 5.0 32 11.5 12.0 0.5 
Pre Values Post Values 
Data for Tape Labeled: Pl 7 o.u. Data for Tape Labeled: Pl 7 o.u. 
Number of Values = 60 Number of Values = 60 
Mean of Sample = 11.5833 Mean of Sample = 13. 8 
Standard Deviation= 2.33101 Standard Deviation= 2.75743 
Std. Error of Mean = .300933 Std. Error of Mean = .355983 
Std. Error of S.D. = .212791 Std. Error of S.D. = .251718 
Maximum Value = 20 Maximum Value =.20 
Minimum Value = 7 Minimum Value = 9 
Range of Values = 13 Range of Values = 11 
Mode of Sample = 11 Mode of Sample = 14 
t-test 
N = 60 v = 6.39153 
M = 2.2 ss = 377.1 
s = 2.5281 T = 6.74056 
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ARDEN SCORES - Sum Score 
Subj Pre Pos t Subj Pre Post 
1 77 o5 99.5 1 73 96.5 
2 67.5 76 2 66.5 73 
3 61 80 3 65 77 
4 79.5 81.5 4 76 86 
5 74.5 96 5 80.5 94 
6 67 80 6 64 77 
8 77 81 8 74 83 
9 73 73 9 70 74 
10 86 100 10 86 95 
11 89 101 11 88.5 108 
12 57.5 60 12 57.5 62.5 
13 70 90.5 13 79 99 
14 76 97 14 75 92 
15 67 81 15 71.5 90 
16 76.5 92.5 16 79 88 
17 73 81.5 17 71.5 81.5 
18 69 108.5 18 76 97.5 
19 73 86 19 81 89 
20 57 83.5 20 66 86.5 
21 77 87.5 21 77 89 
22 73 91 22 74 97 
23 53 65 23 52.5 70.5 
24 77 91 24 78 94 
25 68 75 25 65.5 75.5 
27 61 75 27 60.5 82 
28 66.5 88.5 28 70 86 
29 88 92.5 29 83.5 98.5 
30 57 64.5 30 58 64 
31 72 86.5 31 77.5 85 
32 73 91.5 32 78 93.5 
Results for Differences 
Mean = 13.8 
Std. Dev. = 7.03273 
T = 15.1995 
Var. Sum of Sq. 
76.5964 4519.19 Var. = 49.4593 
121.291 7156.19 Sum of Sq. = 2918.1 
Number of Values = 60 
Mean St. Dev. 
71.85 8.75194 
85.65 11.0132 
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APPENDIX F 
SIC'TION 4 SUBJECT DATA 
ARDEN NORMS - 2J-30 YEAR OLDS 
Plate 2 Plate 3 Plate 4 
Subj Age OD OS OD OS OD OS 
16 30 15.0 17.5 12.0 13.0 15.0 14.0 
3 29 12.0 14.0 12.0 12.0 12.0 13.0 
5 29 16.5 16.0 12.0 13.5 13.0 13.0 
31 29 14.5 17.0 10.0 11.0 10.0 12.0 
15 28 12.0 12.5 12.0 12.0 14.0 11.5 
17 28 15.0 14.0 10.0 11.0 11.5 12.0 
18 28 14.0 15.0 9.0 9.0 12.0 13.0 
28 28 11.0 14.0 8.0 10.0 12.0 13.0 
20 26 10 . 0 12.0 8.0 11.0 10.0 10.0 
12 25 9.0 11.5 10.0 9.0 10.0 10.0 
30 25 7.0 9.0 9.0 9.0 9.0 10.0 
10 24 15.0 16.0 13.0 14.0 15.0 14.0 
25 24 12.0 11.0 10.5 10.0 11.5 12.0 
8 23 15.0 15.0 12.0 12.0 13.0 13.0 
13 23 13.0 15.0 11.0 14.0 9.0 13.5 
24 23 13.5 15.0 11.0 11.0 12.5 13.0 
Mean 13.4 10.96 12.07 
S.D. 2.48 l. 64 l. 637 
Plate 5 Plate 6 Plate 7 
Subj Age OD OS OD OS OD OS 
16 30 11.5 12.5 12.0 11.5 11.0 10.5 
3 29 11.0 u.s 13.0 14.0 10.0 14.0 
5 29 12.0 13.0 12.5 13.0 8.0 8.0 
31 29 9.0 ll.O 10.0 9.0 10.0 8.0 
15 28 12.0 12.0 12.0 10.0 12.0 11.0 
17 28 10.0 12.0 12.0 13.0 11.0 14.0 
18 28 11.0 10.0 12.0 13.0 11.0 13.0 
28 28 12.0 12.0 11.0 11.5 9.0 10.5 
20 26 9.5 10.0 9.5 11.5 10.0 11.5 
12 25 9.0 8.5 11.0 10.0 10.0 11.0 
30 25 11.0 9.0 10.0 9.0 9.5 9.5 
10 24 14.0 15.0 14.0 15.0 15.0 12.0 
25 24 12.0 11.0 11.0 10.5 11.0 11.0 
8 23 12.0 12.0 14.0 13.0 13.0 13.0 
13 23 11.5 12.5 13.5 12.0 12.0 12.0 
24 23 13.0 13.0 13.0 10.0 12.0 12.0 
Mean 11.42 11.76 11.1 
S.D. 1.49 1.58 1. 72 
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J.GCOLlT l\IORiVIS - 23--30 YEAR OLDS 
Q.:_§_c/deg 1. 6 c/deg 3.2 c/deg 
Subj Age OD OS OD OS OD OS 
16 30 -1.97 -1.840 -1.96 -1.970 -2.50 -2.250 
3 29 -1.39 -1.540 -1.81 -1.840 -1.79 -2.030 
5 29 -·1.52 -1.890 -2.09 -1.800 -2.01 -2.110 
31 29 -:-1.33 -1.290 -1.55 -1.7 50 -1.93 -1.970 
15 28 -1.32 -1.4 70 -1.79 -1.520 -1.95 -1.750 
17 28 -1 . l~6 -1.310 -1.87 -1.860 -2.08 -2.220 
18 28 -1.44 -1.590 -2.00 -1.740 -1.89 -2.020 
28 28 -1.21 -1.420 -1.68 -1.840 -2.13 -2.030 
20 26 -1.98 -1.480 -2.17 -1.830 -2.12 -1.900 
12 25 -1.73 -1.840 -2.04 -2.070 -2.31 -2.210 
30 25 -1.47 -1.560 -2.15 -1.850 -2.09 -1.910 
10 24 -1.29 -1.480 -1.58 -1.810 -1.78 -1.600 
25 24 -1.88 -1.850 -1.90 -1.790 -2.13 -2.000 
8 23 -1.36 -1.480 -1.57 -1.670 -1.82 -1.780 
13 23 -1.40 -1. 540 -1.94 -1.740 -2.11 -2.140 
24 23 -1.25 -1.313 -1.64 -1.615 -1.81 -1.833 
Mean -1.5279 -1.826 -2.00 
S.D. .2249 .17 .188 
6.4 c/de£ 12.8 c/deg 
Subj Age OD OS OD OS 
16 30 -2.18 -2.210 -1.61 -1.630 
3 29 - 1.64 -2.210 -1.46 -1.650 
5 29 -1.92 -1.910 -1.42 -1.830 
31 29 -1.81 -1.930 -1.47 -1.690 
15 28 -1.71 -1.690 -1.61 -1.400 
17 28 -2.11 -2 0100 -1.66 -1.720 
18 28 -1.83 -1.980 -1.55 -1.700 
28 28 -2.04 -1.970 -1.82 -1.640 
20 26 -2.20 -1.410 -1.77 -1.190 
12 25 -2.07 -2.420 -1.67 -1.960 
30 25 -1.67 -1.870 -1.31 -l.llO 
10 24 -1.77 -1.440 -1.21 -1.150 
25 24 - 2.05 -2.080 -1.53 -1.970 
8 23 -1.89 - 1.820 -1.47 -1.490 
13 23 -2.02 -2.040 -1.78 -1.750 
24 23 -1.66 -1.787 -1.33 -1.582 
Mean -1.919 -1.566 
S.D. .228 .22 
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ARDEN NORMS - 55-73 YEAR OLDS 
Plate 2 Plate 3 Plate 4 
Subj ~~ OD OS OD OS OD OS 
9 55 15. 0 14.0 13.0 12.0 12.0 12.0 
11 55 15. 0 17.5 14.0 14.0 14.5 15.0 
27 55 12 .5 12.5 9.0 10.0 9.5 10.0 
33 71 11. 0 10.0 10.0 11.5 11.0 13.0 
34 73 18. 0 16.0 12.0 14.0 15.0 14.0 
35 73 20 .0 20 . 0 16.0 18.0 18.0 18.0 
36 63 17.0 18.0 13.0 11.0 14.0 16.0 
Mean 15.46 12.6 13.7 
S.D. 3.17 2 .45 2.65 
Plate 5 Plate 6 Plate 7 Sum 
Subj Age OD OS OD OS OD OS OD OS 
9 55 11.0 11.0 11.0 11.5 11.0 9 . 5 73 70 
11 55 14.5 15.0 15.0 13.0 16.0 14.0 89 88.5 
27 55 10.0 9.0 8.0 9.5 12.0 9.5 61 60.5 
33 71 11.0 14.0 16.0 13.5 20.0 20.0 79 82 
34 73 20 . 0 13.0 20.0 14.0 20.0 20.0 105 91 
35 73 16.0 19.0 19.0 20.0 20.0 20.0 109 115 
36 63 13.0 14.5 12.0 14.0 14.5 13.0 83.5 86.5 
Mean 13.64 14.0 15.67 85.2 
S.D. 3.21 3.7 4.25 .16 
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NICOLET NORMS - 55-73 YEAR OLDS 
~c/deg 1.6 c/deg 3.2 c/deg 
Subj Age OD OS OD OS OD OS 
9 55 -1. 27 -1.12 -1.44 -1.27 -1.43 -1.46 
11 55 -1.46 -1.39 -1.55 -1.64 -1.77 -1.47 
27 55 -1.47 - 1.61 -2.07 -1.74 -2.19 -2.18 
33 71 -1.34 -1.50 -1.86 -1.76 -1.82 -1.62 
34 73 -1.52 -1.62 -2.1 0 -2.12 -1.97 -2. 01 
35 73 -1.1+7 -1.41 -1.91 -1.80 -1.97 -1.92 
36 63 -1.64 -1.58 -2.06 -1.88 -2.21 -1.97 
6.4 c/deg 12.8 c/deg 
Subj Age OD OS OD OS 
9 55 -1.67 -1. 29 -1.39 -1.24 
11 55 -1.35 -1.40 -0.79 -1.13 
27 55 -2.18 -2.12 -1.64 -1.68 
33 71 -1.34 -1.32 -1.13 -0.71 
34 73 -1.94 -1.98 -1.802 -1.763 
35 73 -1.84 -1.89 -1.365 -1. 518 
36 63 -2.08 -1.89 -1.702 -1.415 
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ARDEN NORMS - 70-73 YEAR OLDS 
Plate 2 Plate 3 Plate 4 
Subj Age OD OS OD OS OD OS 
33 71 11.0 10.0 10.0 ll.5 11.0 13.0 
34 73 18.0 16.0 12.0 14.0 15.0 14.0 
35 73 20.0 20.0 16.0 18.0 18.0 18.0 
Mean 15.8 13.58 14.83 
S.D. 4.4 .3 2.78 
Plate 5 Plate 6 Plate 7 Sum 
Subj Age OD OS OD OS OD OS OD OS 
33 71 11.0 14.0 16.0 13.5 20.0 20.0 105 91 
34 73 20 . 0 13.0 20.0 14.0 20.0 20.0. 109 91.5 
35 73 16.0 19.0 19.0 20.0 20.0 20.0 83.5 86.5 
Mean 15.5 17.08 20.0 96.74 
S.D. 3.5 2.97 0 
NICOLET NORMS - 70-73 YEAR OLDS 
0.8 c/deg 
Subj Age OD OS 
33 71 -1.519 -1.62 
34 73 -1.47 -1.41 
35 73 -1.637 -1.58 
Mean -1.475 
S.D. .09 
6.4 
Subj Age OD 
33 71 -1.34 
c/deg 
OS 
1.6 c/deg 
OD OS 
-2.103 -2.177 
- 1.905 -1.807 
- 2.055 -1.875 
- 1.9336 
.169 
12.8 
OD 
-1.32 -1.13 
34 73 -1.937 -1.98 -1.802 
35 73 -1.84 -1.89 -1.365 
Mean - 1.717 -1.38 
S.D. .30 .41 
3 .2 c/deg 
OD OS 
-1.97 -2.09 
-1.972 -1.92 
-2.205 -1.97 
-1.897 
.163 
c/deg · 
OS 
-0.71 
-1.763 
-1.518 
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APPENDIX G 
STATISTICAL PROGRAMS UTILIZED 
tO DIM X£2553 
20 PRINT "<13)PROGRAI'I TO CAlCULATE STUD£NT'S-T VALUE" 
30 PRINT "<13>THIS PROGRI'II'i ASSMS X VALUES IN\IT TO BE DIFFERENCES'· 
40 PRINT ''STOP THE Itfli.IT Of X-VAlU£S B'l TVPINCI 1001" 
50 LET N=O".I=Q,K=O,t::Q 
60 FOR I=O TO 255 
70 LET L=l+l 
80 PRINT "x=·; 
90 INPUT X(l); 
100 IF XCIJ=1001 GOTO 180 
110 IF L{)6 GOTO 140 
120 LET L=O 
130 PRINT 
HO LET N=N+l 
150 LET J=J+X[IJ 
160 LET K=K+X(IJtX(IJ 
170 NEXT I 
180 LET L=JfJ/N 
190 LET V=!K~l/!N-1) 
200 LET S=SQR!Vl 
210 LET l'l=J/N 
24~ LET T=M/(S/SQR!Nl) 
230 PRINT "<13)N=";N;" M=";M;" S=";S;" V="iVi" SS="iK-li~ T=";T 
240 END 
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lO REI'I *** PROORAM CALLED D4:0STAT09 *** 
30 REM ALLOWS FOR ERROR CORRECTIONS AND RESTART OF THE PROGRAM 
40 DIM X[~~SJ,Yr:~J 
50 PRINT "PROORAI'i TO CAL~TE CORRELATION COEFFICIENT AND A T-TEST" 
60 PRINT "OF SIGNIFICANCE OF MEANS" 
70 PRINT aSTOP INPUT OF DATA BY TYPIHG 1001 AS A VALUE" 
SO DIM T$C10J,U$[10) 
90 LET Jl=O,Kl=O,KZ=O,M=O,N=O,L=O,J2=0 
100 LET Li=O,L2=0,T1=0,T2=0 
110 PRINT "TYPE LABEL OF FIRST SET OF DATA"; 
120 INPUT T$ 
130 PRINT "ENTER A DATUI'I AFTER EACtl ?" 
140 FOR 1=0 TO 255 
150 LET l=L+l 
160 INPUT Hlh 
170 IF XU 1=1001 GOTO 270 
180 LET N=N+l 
190 REM N IS THE NUMBER OF DATA IN THE SET 
200 REI1 L IS THE Nl.ll'tBER OF DATA PER LINE ON THE TERMINAL 
210 IF L05 GOTO 240 
220 LET L=O 
230 PRINT 
240 NEXT I 
250 PRINT "TOO MANY VALUES" 
260 STOP 
270 PRINT "<13>ENTER 1 FOR CHANGE, 2 FOR NO CHANGE": 
280 INPUT Cl 
290 REH Cl IS THE SIGNAL FOR CHAAIGE OR NO C-HANGE 
300 IF Ct =2 GOTO 460 
310 FOR 11=1 TO H 
320 PRINT "WHICH ENTRY DO YOU WISH TO CHANGE?" 
330 PRINT "FOR EXAI'IPLE: 4TH ENTRY TYPE 4u 
340 INPUT 12 
350 IF 12=999 GOTO 460 
360 PRINT "OLD VALUE IS u;T$;'' ( ":12: ">="; XCI2-1 l 
370 PRINT "<13IDJTER NEW VALUE" 
:380 REM 12 INDICATES lri-IICH DATA IN THE SET TO BE CHANGEft 
390 INPUT X2 
400 REI'I X2 IS NEW VALUE 
410 PRINT "{13)R£PEAT AS NECES...e.ARV; TYPE 999 TO END CHANl>E" 
420 LET XU2-1J=X2 
430 REP! ASSIGN NEI-t VALUE TO THE !I2-1 >TH i IN THE ARRAY 
440 REM SINCE THE FIRST t STARTS IN THE OTH POSITION 
450 NEXT It 
460 PRINT " HER£ IS THE SET OF DATA YOIJ JUST ENTEREDn 
470 FOR 11=1 TO N 
480 PRINT T$;»(B:Il;")=";XC11-1l 
490 NEXT 11 
500 PRINT "<13>TYPE LABEL OF SECOND SET OF DATA"; 
SlO INPUT US 
95 
520 PRINT "ENTER A DATl»1 AfTER EACH ?" 
530 LET L=O 
540 FM 1=0 TO N-1 
550 LET L=L+1 
560 INPUT Y[JJ; 
570 IF Y[ll=1001 GOTO 640 
580 IF L()5 GOTO 610 
590 LET L=O 
600 PRINT 
610 NEXT I 
620 Itfl.IT C 
630 IF C=1001 GOTO 670 
640 PRINT 
650 PRINT "X'S DO NOT EQUAL Y'S" 
660 STCP 
670 PRIIH "<t3>ENTER 1 FOR CHAt(iE 2 FOR NO CHANGE"; 
680 I~.JT C1 
690.1F C1=2 GOTO 820 
700 FOR 11=1 TO N 
710 PRINT "WHICH ENTRY DO YOU WISH TO CHANGE?" 
720 PRINT "FOR EXAMPLE: 4TH EHTRY TYPE 4" 
730 INPUT 12 
740 IF 12=999 GOTO 82(t 
750 PRINT "OLD VALUE IS •;us;•("il2i"l=":Y£I2-ll 
760 PRUIT "<13>ENTER NEW VALUE" 
770 INPUT Y2 
780 REI'! Y2 IS NEW VALUE 
790 PRINT •REPEAT AS ~CESSARY, ENTER 999 TO END CHANGE" 
900 LET YCI2-1J=Y2 
810 ~tt:XT I1 
620 PRINT n<l3>HERE IS THE SET OF DATA YOU JUST ENTERED" 
830 FOR 11=1 TO N 
840 PRINT us;»c•;w">=·vcu-u 
850 NEXT Il 
960 FOR 1=0 TO N-1 
870 LET Jl=J1+X[Il 
880 LET Kl=K1+X[IJA2 
890 LET J2=J2+VCIJ 
·~ LET K2=1<2+V£IY2 
910 NEXT I 
920 LET L1=J1A2/N 
930 LET L2=J2A2/H 
940 LET Vt=CKl-Ll)/CN-1) 
950 LET V2=CK2-L2)/(N-1l 
960 LET Sl=SQR(Vl> 
970 LET S2=SQRCV2> 
980 LET Ml=Jl/N 
990 LET Pf2=J2/N 
1000 FOR I=O TO N-1 
1010 LET Tl=Tl+(X[Il-MJ)A2,T2=T2+(Y£Il-M2>A2 
1020 LET M=M+CX[IJ-Hllt(Y[IJ-1'12) 
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1030 NEXT I 
1040 LET C=M/SQRCTlfT2) 
1050 PRINT 
1060 PRINT "Nt.II'IBER OF VALUES = a;p~ 
1070 PRINT 
1080 PRINT '"MEAN"' "ST. DEV. "' "VAR. "' "Sltl (f SQ. II 
1090 PRIHT T$,Ml,S1,V1,K1-L1 
1100 PRINT U$,~12.S2,V2,K2-L2 
1110 PRINT 
1120 PRINT "CORRELATION COEFFICIENT = ";C 
1130 LET J=O,K=O 
1140 FOR I=O TO N-1 
1150 LET Z=X[IJ-Y[IJ 
1160 LET ,J=J+ Z 
1170 LET K=K+ZtZ 
1180 NEXT I 
1190 LET L=JtJ/N,V=CK-L)/CN-l),S=SQRCV) 
1200 LET I'I=J/N 
1210 LET T=I'I/(S/SQR{N)) 
12..~ PRINT "{13:>RESllTS FOR DIFFERENCES<13)1'1EAN=a;l'l:" STD DEV=";S; 
1230 PRINT • VAR=";V;" SS=";K-L; "(13)T =";T 
1240 PRINT "<13>ENTER 1 FOR CONTita£ 2 FOR Et~D" 
1250 INPUT C2 
126(1 RC:f"' C2 IS THE SIGNAL FOR CONTINUE OR END 
1270 IF C2=1 GOTO 90 
1280 END 
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\ 
iO PRINT "SINGLE FACTOR ANALYSIS OF VARIANCE FOO REPEATED 11£ASURES" 
20 PRINT n !ONE-wAY>~ 
30PRINT 
40 REM SIZING Tl£ ~lATRIX AND DATA INPUT 
SO PRIHT "ENTER THE Nl.lt1BER OF TREATI1ENTS"; 
60 It..PUT K 
70 PRINT "HOW 1'11\NY ELEt1ENTS ARE THERE PER TREATI'1£HP; 
80 INPUT N 
90 PRINT "ENTER THE DATA ONE NUMBER AT A TIME, STARTING WITH THE DATA"; 
100 PRINT • IN ROW ONE," 
110 PRINT "THEN GOING ON TO THE DATA IN ~ TWO, AND SO ON." 
120PRim 
130 PRINT 
i40 DIM X£N,KJ, V[N,KJ,U(NJ,SO:J 
141 INPUT "WOULD YOU LIKE THE FAST OR PRDI'IPTED FOR1'1AT? !=FAST, 2=PROHPTED".Z9 
142 IF Z9=1 GOTO 202 
150 FOR Nl=l TO N 
155 PRINT "ENTER SUBJECT ":N1; "FIRST VALUE, SECOND VAlUE, ••• " 
156 PRINT 
160 FOR Kl=l TO K 
170 PRINT "DATA II~ 
180 INPUT X£N1,Kll 
190 NEXT Kl 
200 NEXT Nl 
201 GOTO 220 
202 PRINT 
203 PRINT " **********( HAY YOUR DATA BE SIGNIFICANT)ttllllttlt" 
204 FOR Nl=l TO N 
205 FOO K1=1 TO K 
206 PRII'IT •DATA •; 
207 INPUT X£Nl,Kll 
208 NEXT K1 
209 NEXT Nl 
210 PRINT 
220 PRINT TAB! 15}; "DATA" 
230 !'tAT PRIHT X 
240 PRINT 
250 PRINT •ro IW<E CORRECTIONS, ENTER RIJ,l NO., OTHERiUSE TYPE -o-•; 
260 INPUT l1 
270 IF U=O GOTO 450 
280 PRINT "EtiTER COC.lt!N NO. •; 
290 INPUT Wl 
300 LET Nl=Ll 
310 LET Kl=Wl 
320 PRINT "DATA"; 
330 INPUT X£L1,WlJ 
340 PRINT "ANY l't)RE C~CTIOOS ? !TYPE 1 FOR YES, 0 fOR t\'0)"; 
350 IhfUT 1 
360 IF I=O OOTO 380 
370 GOTO 420 
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.300 PRINT 
:-<90 PRINT TAB(1(t);~C.oRRECTED DATA" 
400 MT PRINT X 
410 C..OTO 450 
420 PRINT "ROW NO." ; 
430 INPUT Ll 
440 roro 210 
450 REM TAKING THE SQLIAR£ OF EACH OF THE DATA 
460 FOR Hl=l TO N 
470 FOR Kl=l TO K 
480 LET Y£Nl,KlJ=X[Hl,K1J''2 
490 NEXT Kl 
500 NEXT Hl 
510 LET Ci=O 
520 REI1 6= THE GRAND TOTAL 
530 LET R=O 
540 REH R= THE SUI'! OF P SQUARED 
550 FOR N1=1 TO N 
560 FOR K1=1 TO K 
570 LET P1=Pl+X(Nl,K1J 
SBO REH Pl=P= THE SUI'! OF THE DATA IN THE ROW 
590 NEXT Kl 
600 LET G=G+Pl 
610 FOR U1=1 TO N 
620 REM U= THE SOIJARE OF P 
630 LET U=P1"2 
640 ~'EXT Ul 
650 LET R=R+lt 
660 LET P1=0 
670 NEXT Hl 
680 LET H=O 
b90 REI'! H= THE GRAND TOTAL 
700 LET Q::O 
710 Rei Q:: THE SUtt OF T SQUARED 
720 FOR Kl=l TO K 
730 FOR N1=1 TO N 
740 LET Tl=Tl+X(Hl.Kl) 
750 R£1'1 T=T1=THE SUI'! OF THE DATA IN THE CClliHN 
760 PEXT Nl 
770 LET H=H+ T1 
780 FOR Sl=1 TO K 
790 LET S=T1A2 
800 REl'l S=THE SQIJARE OF T 
810 NEXT Sl 
820 LET Q=Q+S 
830 LET T1=0 
840 NEXT Kl 
850 LET Jl=O 
860 REI'I Jl=THE SUM OF THE SQUARES OF EACH Of THE DATA 
870 FOR K1=1 TO K 
880 FOR N1=1 TO N 
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890 LET Jl=Jl+Y[Nl,KlJ 
900 NEXT N1 
910 NEXT K1 
920 PRINT 
930 REM THE MEAT OF THE SUBJECT !BELOW) 
940 LET A=GA2/(KtN) 
950 LET B= .. ll 
960 LET C=Q/N 
970 LET D=R/K 
980 LET Vl=D-A 
990 LET V2=B-D 
1000 LET V3=C~ 
1010 LET V4=B-C-D+A 
1020 LET V5=B-A 
1030 LET El=tH 
1040 LET E2=N*(K- ll 
1050 LET E3=1H 
1060 LET E4=!N-1lt!K-1l 
1070 LET ES=IKtNl -1 
1080 LET M1=V3/E3 
1090 LET H2=V4/E4 
1100 IF M2=0 GOTO 1120 
1110 LET F=M1/M2 
1120 PRINT 
1130 PRINT TAB! 18l; "SOU'(CES OF DEGREES OF MEAN F" 
1140 PRINT TAB!lBB "VMIATION FREEDOI'I SQUARE VALLI£" 
1150 PRINT 
1160 PRINT "BETWEE~ TR£ATMENTS"iV1:TAB!40liEl 
1170 PRUlT "WITHIN TREATI'IENTS "lV2;TABI40l;E2 
1180 IF 112~>0 GOTO 1210 
1190 P!UP>!"T "INEATt-!ENT ";V3tTABI32>:E3;TAB!46W11:TAB(60l: "F' UHDEF." 
1200 GOTO 1220 
1210 PRINT "TREAT~ ";V3iTAB!32l:E31TAB!4bl:Ml:TAB!60l:F 
1220 PRINT "RESIDUAL ";V4:TAB!32HE4;TAB!4bl;112 
1230 PRINT u TOTAL •;vs;TAB!40l:E5 
1240 REM PREPARED BY ALAN RHODES, 1978 
1250 END 
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